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Effective treatment of dermatophytoses requires that the fungicide be 
i : 
carried to the most deep-seated spores. In ‘ Tineafax’ Ointment, the 
‘ fungicides, chief of which is zinc undecylenate, are incorporated in a base 
exceptional penetrating power. ‘ Tineafax', a bland non-staining ointment 
containing no mercurial compounds, does not irritate or break dow: 
f 
the skin. It will clear most cases of ‘‘ athlete's foot'’, “‘dhobie itch "’ 
i or other types of ringworm of the body in 7 to 21 days. It is iss 
t 
of | oz. ar | Ib. For »phylaxi mpanion 
Tineafax’ Powder, is available in sifter-top tins contai 40 gn 


when fungus is afoot... 


Brand 
COMPOUND UNDECYLENATE OINTMENT AND 
UNDECYLENATE POWDER 


BURROUGHS WELLCOME & CO. (//he Wellcome Foundation Ltd.) LONDON 
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2 Effective treatment of dermatophytoses requires that the fungicide be 
carried to the most deep-seated spores. In Tineafax’ Ointment, the 
{ fungicides, chief of which is zinc undecylenate, are incorporated in a base of 


exceptional penetrating power. ‘ Tineafax', a bland non-staining ointment, 


Sui / aGeé containing no mercurial compounds, does not irritate or break down 


( the skin. It will clear most cases of “ athlete's foot’’, ‘‘dhobie itch" 


or other types of ringworm of the body in 7 to 21 days. It is issued in tubes 


a ttack of | oz. and jars of | Ib. For prophylaxis, a companion product, 


‘Tineafax' Powder, is available in sifter-top tins containing 40 gm. 
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COMPOUND UNDECYLENATE OINTMENT AND 
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Material Evidence 


The evidence presented by a radiograph must be complete, exact and unambiguous, 
and the high standard of all ILFORD X-ray films has been set with this object in 
mind. It is the constant aim of the ILFORD organization to provide the radiologist 


with sensitised materials exactly suited to the critical nature of his requirements. 


ILFORD X-ray films for 
MEDIGAL RADIOGRAPHY 


STANDARD 


—for most of the routine work of the X-ray department. 


RED SEAL 


—for all occasions when extreme speed is needed. 


ILFEX 


—for maximum resolution of fine detail, 


a ILFORD LIMITED + ILFORD + LONDON 


ty 
if 
4 =. 
i 
— 
— 
i 
is 
— 
— 
| 
“a 
— 
— 
| 
| 
| 
il 
| 
H 


BRITISH JOURNAL OF INDUSTRIAL MEDICINE 


JULY, 1952 


Mt un 


Neo-Ferrum (Infants), though based on the 


same formula as Neo-Ferrum, has been specially 
adapted for paediatric use. Freely miscible with 
milk, it is readily absorbed and does not give rise to 
gastro-intestinal disturbances. In the vehicle, ad- 
justment of the sugar-alcohol ratio has made the 


preparation more palatable yet equally stable. 


CROOKES NEO-FERRUM 
for INFANTS 


Crookes Neo-Ferrum (Infants) is supplied in \ oz. bottles with pipette. 
Crookes Neo-Ferrum is supplied both as liquid and tablets. 


CROOKES LABORATORIES LIMITED PARK ROYAL - LONDON N.w.10) 
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Elastoplast bandages are normally chosen 
as the basis of modern compression treatment 
of varicose ulceration, largely on account of 
two of their special qualities. 


The more important of these is the 
elasticity of the special cloth. This precisely 
maintains the applied compression throughout 
the bandaged area, and also enables the 
bandage to conform to the limb without 
creasing. 


Of: almost equal importance is the 
special adhesive spread. It occludes the 
area of ulceration, strengthens the elastic 
properties of the cloth and keeps the bandage 
firmly in position for long periods. 


Elastoplast is made by T. J. Smith & Nephew Ltd., Hull and is 


known as Tensoplast outside the British Commonwealth 
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HOSPITAL 
X-RAY 
DEPARTMENT 


Time occupied 
5 mins. per man 


MOBILE X-RAY 
EXAMINATION 
ON SITE 


INDUSTRIAL DISEASES OF THE CHEST 


The Mobile Units of Portable X-Rays Ltd. X-ray employees 


on site at the factory, thus avoiding constant visits to hospital with the 


inevitable absence from productive work. The saving effected by 


this means will be found to be very considerable both in time and 


money. 


The Mobile X-ray units of Portable X-Rays are now being 
regularly employed by many large industrial organisations. Demonstra- 


tions are offered free and without obligation. 


Full details will gladly be sent on request. 


& DAY CHiswick 7836-7 
POWER ROAD, LONDON, W.4. 
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The THERATHERM Ultra Short-Wave Diathermy 


In short-wave diathermy, “ THERATHERM ” is the 
name for power output — 300 watts which, even in the 
largest physiotherapy department, is ample for all require- 
ments. Deep, penetrating heat is administered with ease 
and safety, a single control regulating output from zero 
to maximum. A wide range of applicators can be used, 
with all of which optimum circuit conditions are shown 
on a neon tube indicator. To guard against breakdown 
during extended use, each component is generously 
rated and the entire equipment built in the meticulous 
Marconi tradition. Please write for further particulars. 


MARCONI instruments 


AUDIOMETRY - THERAPEUTIC AND DIAGNOSTIC X-RAYS « ENCEPHALOGRAPHY 
MARCONI! INSTRUMENTS LIMITED + ST. ALBANS - HERTFORDSHIRE 


MARCONI HOUSE, PUDDING CHARE NEWCASTLE-ON-TYNE, 233 ST. VINCENT STREET, GLASGOW. 19 THE PARADE, LEAMINGTON SPA 


MARCONI HOUSE, 38 PALL MALL, LIVERPOOL, MARCONI HOUSE, MOUNT STUART SQUARE, CARDIFF, 41 DONEGALL PLACE, BELFAST 


Clean the air... 


» 


ELECTROSTATIC DUST PRECIPITATOR 


Cleans and de-odourises air. Removes 
dust, mist, pollen, smoke, bacteria, lint, 
etc., down to sub-micronic particles. 


Manufactured and distributed by 


CREIGHTON & PARTNERS, LTD. 
MINERVA ROAD, PARK ROYAL, LONDON, N.W.10 
Telephone : ELGar 6862 3 Telegrams : Gromaton, Harles, London 
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THERMAL PRECIPITATOR 
FOR 


AIRBORNE DUST SAMPLING 


Suitable for counting solid particles in any 
aerosol, this instrument has an efficiency 
approaching 100 per cent for particles from 
0:16 uw up to 5:0 1 and not much lower for 
particles of 10-0 u. 


For use in laboratories, factories or mines. 


205 8} 1B in. (52 » 22 46cm.) 
43 Ib. (19-5 kg.). 


Write for leaflet 776 


C. F. CASELLA & CO. LTD. 


Regent House, Fitzroy Square 
LONDON, 
Telephone : ®XEUSton 3944 


Member Scientific Instrument Manufacturers’ Assoc. 
of Great Britain 


COMPOSITION : Sodium Stearate 
(Commercial) ; Glycerine (Pure) ; 
Kaolin; plus a small percentage of 
Para Chior Meta Creso!. 
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Ne Working hang 


For a cost of 4d. per man por day, 
Sternocleanse will safeguard production 
and overheads. Sternocleanse is used in 
many of Britain’s largest factories 
because, after severe clinical and practical 
tests, it proved itself to be the most 
satisfactory antidermatitis cream—both 
antiseptically and economically. 


Why not make a practical test your- 
self? Write today for a sample tin. 


STERNOL LIMITED, Royal London House, Finsbury Square, 
London, E.C.2 Telephone: MONarch 3871-5 
Telegrams: Sternoline, Phone, London 
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‘PLASMOSAN’ 

mark ; ‘brand 

Ee fulfils the requirements of a plasma substitute in that 

; I Its viscosity, colloidal osmotic sufficient time to allow the 
2 pressure and tonicity restoration of the plasma 


approximate closely to those of proteins. 

blood, 4 It is not stored in the tissues. 
2 It has a high margin of safety,is jt does not affect kidney 
Br non-antigenic and non-pyrogenic. function nor disturb blood group- 
3 It is retained in the body fora ing or clotting time. 


‘PLASMOSAN ' provides an immediate and effective means of 
restoring the blood pressure in cases of injury, and of maintaining it 

4 during operation. Its particular value is that it is ready for immediate 
use, and can be administered while the investigations necessary before 
blood transfusion are made. 


We shail be pleased to send detailed literature on request. 


* PLASMOSAN js supplied 
in standard transfusion botties 
of 540 ¢.c, in cortons of 4. manufactured by 


MAY & BAKER LTD 
distributors Yj 
SPECIALITIES (MAY & BAKER) LT 


PHARMACEUTICAL 


ty 


D DAGENH 


TURING WITHOUT STITCHING 


Inserting stitches in a wound causes the patient much pain 
and the doctor an expenditure of valuable time. 

A new technique is available whereby, in many instances, the 

ordinary stitching of wounds can be superseded to the advantage 

of patient and practitioner alike. It is the use of Dalmas Dumb Bell self-adhesive sutures. 


Strips are laid across the incision or lesion, while the edges of the wound are held together, 
and gentle pressure by the finger assures a firm stay. They are also handy where thread sutures 
have broken apart and it is still essential to keep the edges of the wound in apposition. 


Dalmas Dumb Bell stick-on sutures will be found invaluable for casualty 
and emergency work in surgeries, hospitals and factories. They 
provide safe and speedy co-aptation of wound edges, with freedom 
from the unpleasam effects of stitching and disfigurement through 
stitch holes 


Write on your printed DA L MAS 


fr DUMB BELL SUTURES 


safe...serviceable... speedy 
Dalmas Ltd Junior Street Leicester telephone 65261 * London, Glasgow, Belfast and Overseas. Established 1823 
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THE EFFECT OF CORTISONE ON EXPERIMENTAL 
SILICOSIS | 


BY 


C. V. HARRISON, E. J. KING, J. C. DALE, and R. SICHEL 


From the Postgraduate Medical School of London 


(RECEIVED FOR PUBLICATION FEBRUARY 10, 1952) 


Alterations in cellu’; and fibrous tissue reaction 
due to cortisone and A.C 7 H. have been demon- 
strated in human beings by several workers such as 
Freeman, Fershing, Wang, and Smith (1950), 
and by Cavallero, Sala, Amira, and Borasi (1951) 
in the carbon tetrachloride necrosis of rats’ livers. 
The influence of cortisone on the phagocytic action 
of the  reticulo-endothelial system on _ carbon 
particles was studied by Spain, Molomut, and Haber 


(1950) and on _ intraperitoneally injected silica 
particles by Policard and Tuchmann-Duplessis 
(1951). In both experiments the migration of dust- 


laden phagocytes was retarded. Kennedy, Pare, 
Pump, Beck, Johnson, Epstein, Venning, and 
Browne (1951), working in the Department of 
Professor J. S. L. Browne of Montreal, treated two 
patients with chronic beryliium granulomatosis and 
obtained temporary subjcctive and objective im- 
provement as judged oth by respiratory function 
studies and x-ray films of the lungs. Since chronic 
berylliosis is characterized by gross fibrosis of the 
lungs, these workers were encouraged to experi- 
ment with the treatment of silicosis by the same 
means. It is difficult to believe that the densely 
fibrous nodules which are scattered throughout the 
lung in silicosis could be influenced to resolve or 
regress ; and this, indeed, was found to be the case 
by Kennedy and his colleagues, who were unable 
to observe any change in the x-ray appearance of 
the lungs of the patient they treated. Nevertheless 
some relief of his clinical condition was claimed. 
The cough and sputum disapneared and dyspnoea 
was relieved. 

As a result of the reports of these experiments 
the Cortisone and A.C.T.H. Sub-Committee of the 
Industrial Pulmonary Diseases Committee of the 
Medical Research Council asked us and Professor 
J. Gough of Cardiff to undertake investigations of 
the effect of cortisone on the production of experi- 
mental silicosis in animals. While, as noted above, 


it seems improbable that the hormone could have 
any effect on the established lesions of silicosis, it 
nevertheless appeared possible that the production 
of fibrous tissue might be retarded by the admini- 
stration of cortisone, or that there might be some 
effect on the movement of dust-laden phagocytes 
into focal areas of accumulation with a consequent 
slowing up of the fibrotic resporise. Professor 
Gough’s results have been reported separately 
(Magarey and Gough, 1952), and an account of our 
own investigation is given in the present communi- 
cation. Whereas we have found the predominant 
effect of cortisone to be on the movement of dust- 
laden phagocytes, Schiller (1951, 1952), Magarey 
and Gough (1952), and Curran (1952) have demon- 
strated both an inhibition of fibrosis and an altera- 
tion in the mobility of macrophages when quartz 
dust was injected into the peritoneal cavity. 


TABLE 1 
SIZE DISTRIBUTION OF POWDERED QUARTZ* 


Percentage of Quartz Particles 


Size (yu). — 
By Number | By Mass 
95 
169 
98-7 


*Prepared from finely ground Belgian glass sand by repeated 
sedimentation in water and recovered by centrifuging. 99% SiO,. 
Microscope count by matching |=: eam diameters against circles 
of known size using the May (1945) graticule at 950 magnification 
(oil immersion). Prepared and particle-sized by Dr. G. Nageischmidt 
and Mr. J. Cartwright, Safety in Mines Research Establishment, 
Sheffield. 


Method 


One hundred and thirteen adult albino male and female 
rats were used. “ Snowit II”’ quartz (>2u, Table 1) 
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was suspended in isotonic saline in a con- 
centration of 50 mg./ml. and was sterilized 
by autoclaving. 

The rats were anaesthetized lightly with 
ether and the trachea was exposed by 
dissection. The first 23 animals received 
1-5 ml. of the quartz suspension injected 
intratracheally, but since a small amount 
was regurgitated the dose was reduced to 
1-0 mi. in the remaining rats. During the 
procedure both the flask and the syringe 
into which the suspensions were drawn 
were kept agitated to prevent sedimen- 
tation. The injection was done quickly 
and with a certain amount of force to 


1200 


EOSINOPHIL COUNT (cu. mm.) 


disperse the dust well into the lung alveoli. 
The wound was then closed by a single 340 
suture. Fifteen rats died during, or soon 
after, the operation. The remaining 98 
rats were divided into two groups of 49 
each. One group received no further 
treatment (control group), the other (test 
group) received subcutaneous injections of 
cortisone* acetate suspension. The amount 
given was 5 mg. daily five days a week for 
17 days, and thereafter 5 mg. three days 
a week. Each week the animals were 


300 


AVERAGE WEIGHT (g.) 


weighed, eosinophil counts made, and 0 4 5 12 16 20 24 28 32 
one rat from each group was killed. Lungs WEEKS 
and spleens were removed, weighed, fixed, 
and sectioned. Findings in spontaneous  F'G. !.—Effect of cortisone on the body weight and eosinophil count of rats, 


deaths and rats killed when moribund 
have been separately recorded. 

An additional experiment contained two groups of 
six normal hooded male rats. One group received 
cortisone in the same dose as given above and the other 
was used as a control. Each week one rat from each 
group was killed and lungs and spleens removed for 
histological examination. No histological abnormalities 
were observed but the cortisone rats lost weight and the 
growth of hair was affected (see below). 


Pathological Technique 

The removal of lungs, injection with formol saline, 
fixation, embedding, and sectioning were carried out as 
in former experiments we have reported (Belt and King, 
1945). Routine sections across the middle of both 
lungs and including the hilar lymph glands were cut in 
all cases, and stained with haematoxylin and eosin, with 
Gordon and Sweet's (1936) silver impregnation for 
reticulin, and occasionally with van Giesen’s or Masson’s 
stain. Two unstained serial sections were always 
subjected to micro-incineration (one with HC1 treat- 
ment) to reveal the presence and disposition of mineral 
matter in the lungs and in the lesions. 


Results 
The rats received cortisone for periods extending 
up to 230 days. After 14 days they showed obvious 
signs of moulting, and small bare patches appeared 
where the injections had been given. This was 


@——@ Test group (quartz plus cortisone). @ --- @ Control group (quartz). 


more pronounced in the females. Although the 
control animals had profuse hair growth over the 
site of operation in the neck all the test animals 
showed little or no growth. In all cases the scar 
healed well. 

The effect of cortisone on the average group weight 
and eosinophil count is shown in the graph. During 
the first 17 days the weight of the test animals fell, 
but after the dose was reduced a fairly steady weight 
level was maintained (Fig. 1). The average spleen 
weight in both test and control groups was 260 mg. 
per 100 g. body weight. 


Pathological Findings 


The control rats developed rounded foci of 
pulmonary fibrosis similar in type and severity 
to those which we have found in earlier experiments 
with similar doses of quartz (Ray, King, and 
Harrison, 1951). In the cortisone-treated rats 
(test group) pulmonary fibrosis also developed, but 
it differed in quantity, in mode of development, 
and in the character of the final lesions. 


_* The cortisone used in this work was provided from a generous 
ft made jointly to the Medical Research Council and the Nuffield 
oundation by Merck and Co. Inc. 
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EFFECT OF CORTISONE ON EXPERIMENTAL SILICOSIS 


Quantity of Fibrosis.—To estimate this we com- 
pared the silver-impregnated reticulin sections of 
both lungs of the test rats with those of the control 
rats killed on the same day. The amount of fibrosis 
was estimated as the proportion of the lung section 
replaced by reticulin or collagen. The results were 
scored as more severe in control or test if the 
comparison was clear-cut, and as equivocal if 
there was any uncertainty. In spite of the errors 
inherent in comparing histological sections, the 
results were fortunately clear cut (Table 2 and 
figures). The control rats had more fibrosis in 
20 cases, the test rats had more in four 
cases, and the comparisons were equivocal in five 
cases. 


Development of Lesions.—In the lungs of the 
control rats the earliest change seen was the presence 
of intra-alveolar dust cells containing phagocytosed 
quartz. These cells were diffusely scattered up to 
21 days, but after this time they became concentrated 
in closely packed, rounded masses, around small 
arteries and small bronchi. This concentration 
was first visible at 28 days, and proceeded rapidly 
so that after 42 days free dust cells in the alveoli 
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were scanty, and after 89 days none could be 
found. In the cortisone-treated rats this process 
was greatly inhibited. Recognizable perivascular 
and peribronchial concentration of dust cells was 
seen as early (28 days) as in the control group, 
but free intra-alveolar dust cells remained visible 
as late as 196 days in the cortisone rats (Figs. 6, 7). 
Presumably as a result of this failure to concentrate 
the dust, the pattern of fibrosis was altered. In 
the control rats reticulinosis and later collagenous 
fibrosis occurred only in the rounded sites of dust 
concentration leaving the intervening lung free. 
In the cortisone rats similar perivascular and peri- 
bronchial fibrosis also occurred, but where dust 
cells continued to lie free in alveoli for long periods 
additional fibrosis also occurred. This took the 
form of an increase of reticulin fibrils in the alveolar 
walls and also a net-like formation of fibrils within 
the alveoli. As this type of fibrosis increased, 
it caused fibrous replacement of irregular areas 
of lung tissue (Fig. 12). Often these irregular 
areas lay adjacent to rounded foci of perivascular 
and peribronchial dust cells, and the merging of 
the two produced fibrotic lesions of extremely 
irregular form. 


TABLE 2 
ASSESSMENT OF THE EFFECTS OF QUARTZ AND OF QUARTZ PLUS CORTISONE IN THE LUNGS OF RATS 


Rats Receiving Quartz Only 


Rats Receiving Quartz + Cortisone 


Duration of — 
Grade of 


Exposure to , 
Quartz (days) of 
ibrosis 


More 
Severet 
Fibrosis 


7 +. 
21 
42 + 


T 


+ 


Diffuse Dust 
Cells 


4 


++ 


| Comparison 


Grade of Equivocal 


Maturity of 
Fibrosis* 


More 
Severet 
Fibrosis | 


Fibrosis in 
Alveoli 


lesions 
present 


£4 44444 


*Grade of maturity of fibrosis : 1, loose reticulin fibrils with no collagen ; 2, compact reticulin with or without a little collagen ; 3, somewhat 
cellular but made up mostly of collagen; 4, wholly composed of collagen fibres and completely acellular; 5, acellular, collagenous, and 
confluent. 
+Fibrous lesions “* more severe ™ than in the corresponding “ quartz + cortisone rat,” or “ quartz rat,” killed on the same day. 
tLungs photographed. 
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61 + H 
75 
82 | 4 I 
89 4 i 
110} H ; 
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161 -- 4 
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202+ 
210 - 
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Fic. 2.—Cortisone-treated quartz rat; 68 days. Slight focal 
reticulinosis. (Silver impregnation x 36.) 


Fic. 3.—Quartz rat; 68 days. Focal reticulinosis slightly more 
severe than in Fig. 9. (Silver impregnation = 36.) 


Fic. 4.—Cortisone-treated quartz rat; 103 days. Focal fibrosis 
around vessels. (Silver impregnation x 27.) 


Fic. 5.—Quartz rat; 103 days. Focal fibrosis more severe than in 
Fig. 4. (Silver impregnation » 27.) 


Fic. 6.—Cortisone-treated quartz rat ; 110 days. Micro-incinerated 
preparation showing quartz lying in alveoli, and very little 
concentrated around vessels or bronchi. (Dark ground 
illumination x 24.) 


4 
: Fic. 4 


Fic. 


Fic. 


Fic. 


Fic. 


7.—Quartz rat; 110 days. Micro-incinerated preparation 
showing the majority of the dust concentrated around vessels 
or bronchi. (Dark ground illumination » 24.) 


8.—Cortisone-treated quartz rat; 154 days. Some focal 
fibrosis, but also much fibrosis within lung parenchyma. 
(Silver impregnation * 36.) 

9.—Quartz rat; 154 days. Fibrosis entirely focal, denser 
and more severe than in Fig. 8. (Silver impregnation » 36) 


10.—Same animal as Fig. 8. Micro-incinerated preparation 
showing quartz lying in alveoli. (Dark ground illumination 
x 27.) 

11.—Same animal as Fig. 9. Micro-incinerated preparation 
showing quartz almost entirely concentrated around vessels 
and bronchi. (Dark ground illumination » 27.) 
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Fic. 1 


Fic. 15 


Fic. 12.—Cortisone-treated quartz rat; 202 days. Fibrosis is 
almost entirely irregular and involves lung parenchyma. 
(Silver impregnation 36.) 

Fic. 13.—Quartz rat ; 202 days. Severe coalescent nodular fibrosis. 
(Silver impregnation = 36.) 

Fic. 14.—Cortisone-treated quartz rat; 230 days. Relatively 
slight fibrosis, partly focal and partly in parenchyma. (Silver 
impregnation » 30.) 

Fic. 15.—Quartz rat ; 230 days. Severe coalescent nodular fibrosis. 
(Silver impregnation x 30.) 

Fic. 16.—Same part of lung as Fig. 14. Micro-incinerated prepara- 
tion showing large quantity of quartz. (Dark ground illumi- 
nation x 54.) 

Fic. 17.—Same part of lung as Fig. 15. Micro-incinerated prepara- 

tion showing roughly as much quartz as Fig. 15 in spite of the 

different degrees of fibrosis. (Dark ground illumination = 56.) 
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EFFECT OF CORTISONE ON EXPERIMENTAL SILICOSIS 


In earlier papers we have used a system of numbers 
to denote the type of fibrosis found in experimental 
silicosis, the figure | being used to indicate a loose 
meshwork of reticulin, 4 for dense acellular collagen, 
and 5 for coalescent fibrosis. In the present 
experiment we have found that although the 
quantity and the distribution of fibrosis was 
different in the two sets of rats, the maturity of 
the fibrosis, as denoted by this numbering system, 
was not significantly different. 


Other Effects of Cortisone.—Amongst the con- 
trol rats there were three spontaneous deaths due 
to infection. In a similar number of cortisone- 
treated rats there were 17 deaths due to infection. 
This difference is statistically significant and it 
is likely that it was related to the cortisone treat- 
ment. Those rats which died spontaneously were 
not used for comparison, but their lungs were 
sectioned and examined, and it was noted that as 
a general rule they seemed to have less pulmonary 
fibrosis than their fellows. In order to test this 
we compared the lungs of each rat that died spon- 
taneously with those of the two cortisone-treated 
rats killed immediately before and immediately 
after it, that is, the two cortisone-treated rats 
exposed to quartz for approximately the same 
length of time. The results of these comparisons 
are set out in Table 3, and it will be seen that in 
11 comparisons the rat that died spontaneously 
had less silicosis, that in three comparisons there 
was no difference, and in only one comparison 
was there more silicosis in the rat that died. 

In contrast to this it is noteworthy that in the 
three control rats that died spontaneously two had 
more fibrosis than their fellows and the other one 
was equivocal. 

TABLE 3 


COMPARISON OF CORTISONE-TREATED RATS DYING 
SPONTANEOUSLY WITH THOSE KILLED 


Duration of Exposure to Quartz (days) Result of Com- 


arison : More 
Died | Killed ibrosis in Rats 
34 28 and 42 Killed 
47 42 and 49 Killed 
62 | 61 and 68 Killed 
64 61 and 68 Killed 
74 } 68 and 75 Killed 
90 89 and 96 Killed 
93 89 and 96 Killed 
109 103 and 110 Equivocal 
11 110 and 119 Killed 
121 | 119 and 126 Equivocal 
127 | 126 and 133 Died 
155 154 and 161 Killed 
161 161 and 168 Equivocal 
165 161 and 168 illed 
173 168 and 175 | Killed 
Discussion 


The administration of cortisone to quartz- 
treated rats has modified considerably the develop- 
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ment of silicosis both in respect of the amount of 
fibrosis and its distribution. What is not so 
clear is whether these are two separate effects 
or different aspects of a single action. 

It is obvious that the cortisone interfered with 
the migration of dust cells and prevented them 
accumulating in closely packed aggregates. We 
have found in earlier work that the amount of 
fibrosis produced in a rat’s lung depends on the 
amount of silica present, and that the more silica 
there is the more fibrosis there will be and the 
sooner it will develop. It seems reasonable to 
suggest from this that the more silica there is, 
concentrated in any one part of the lung, the more 
fibrosis will occur there. If this is true, then a 
given amount of silica concentrated in a few points 
should produce more fibrosis than the same amount 
of silica evenly scattered over the whole lung. 
On this assumption, the difference in the amount 
of fibrosis between the cortisone-treated and the 
control rats could be explained solely in terms of 
phagocyte mobility, and there would be no need 
to postulate that cortisone has any direct effect 
on the development of fibresis. There is, however, 
some evidence that cortisone may have such an 
effect. In the control rats that survived for long 
periods, lesions that had been focal coalesced to 
form solid masses of collagen replacing large areas 
of the lung (Figs. 13, 15). In the corresponding 
cortisone-treated rats (Figs. 12, 14) the amount 
of fibrosis was substantially less, yet the amount 
of silica demonstrable in these areas by micro- 
incineration was essentially the same (Figs. 16, 17). 
The occurrence of differences of this sort in a 
significant number of cases seems to us to suggest 
that cortisone may directly retard fibrosis, quite 
apart from any effect it has on the distribution of 
the dust. 

In this experiment there is no question of cortisone 
preventing the development of pulmonary fibrosis. 
Although the dose of cortisone was pushed to the 
limit of tolerance, every rat that survived more than 
40 days had some pulmonary fibrosis. The amount 
was less, but this was only appreciable by a careful 
comparison of paired rats subjected to the same 
amount of silica for the same length of time. 

Whether these results have any bearing on human 
silicosis is questionable. Different animals vary 
in their response to cortisone. Although the rat is 
relatively susceptible, cortisone may have a still 
greater effect in man, and our experiment cannot 
justify any conclusion regarding the possibility of 
cortisone preventing human silicosis. With respect 
to the therapeutic effect observed by Kennedy and 
others (1951), it should be remembered that 
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beryllium differs from silica in producing in man a 
well marked, sarcoid-like cellular granuloma in 
addition to fibrosis, and it is possible that cortisone 
might affect such a granuloma without having any 
effect on formed fibrous tissue. Indeed, this was 
their finding in a patient with silicosis in whom 
they were unable to observe any x-ray evidence of 
change in the lung fibrosis during or after treatment 
with A.C.T.H., and our experiments, too, give no 
indication that any useful effect might be expected 
from the administration of cortisone to cases of 
silicosis. 


Summary 

The administration of 5 mg. of cortisone thrice 
weekly to rats, which had received intracheal 
injection of quartz into the lungs, modified the 
development of experimental silicosis, both in 
respect of its amount and its distribution. 

The principal effect of the cortisone appeared to 
be on the migration of dust cells, which remained 
much more loosely scattered throughout the lung, 
mainly in the alveoli, than in animals which received 
the same amount of quartz but no cortisone. 

This interference with the accumulation of 
quartz particles into focal aggregates retarded the 
development of discrete silicotic nodules. Whether 
in addition there was a direct inhibition of fibrosis 
is uncertain, but there is some evidence that this 
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was so. The maturation of fibrous tissue (reticulin 
to collagen) was not, however, much affected. 


We are grateful to the Medical Research Council for 
a grant to defray the expenses of this investigation. 
Mr. B. C. S. Hollands, Mr. W. Weedon, and Miss V. 
Pash rendered valuable technical assistance, and Mr. 
E. V. Willmot prepared the photomicrographs. Dr. G. 
Nagelschmidt kindly gave us the powdered quartz, and 
the cortisone and A.C.T.H. Sub-Committee the corti- 
sone. To its Chairman, Professor R. V. Christie, we 
are grateful for advice ; and to Dr. R. J. W. Rees and 
Dr. P. D’Arcy Hart, of the National Institute for Medical 
Research, for much help with the dosage of cortisone 
and management of the animals. 
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THE PHAGOCYTOSIS OF INDUSTRIAL DUSTS. 
IN TISSUE CULTURES 


BY 


KARL WILHELM JOTTEN and CHRISTIAN VAN MARWYCK 


From the Hygiene Department of the University of Munster and the State Institute for the Investigation of Dust 
Diseases of the Lung and Industrial Hygiene 


(RECEIVED FOR PUBLICATION AUGUST 6, 1951) 


In the investigation of histological sections of 
lungs affected by dust it is found that one of the 
most characteristic appearances is the phagocytosis 
of the dust particles. This tissue reaction is observed 
in all cases and is quite independent of the nature 
of the inhaled material and of the stage of develop- 
ment of the disease. It may occur in the alveoli 
or in the interstitial tissues. 

Regarded generally as a pathological phenomenon 
it is noted that the dust may derive from living 
or dead material and, if the fate of the particles 
after inhalation is studied, then it becomes clear 
that only those smaller than 10y are found in the 
alveoli. On the passage over the terminal reticulum 
in the alveolar walls, the irritation affects the 
terminal capillaries with consequent peristatic 
hyperaemia and slight contraction of smooth 
muscle. At the same time the phagocytes in the 
alveolar walls become detached and the dust 
particles aggregated on the alveolar walls are phago- 
cytosed. In this process polynuclear leucocytes play 
no part. 

In the next stage, as a result of diapedesis, un- 
formed, and later, formed, elements of the blood 
enter the alveoli, the sequence being one of albumin, 
globulin, leucocytes, and erythrocytes. This condi- 
tion may be described as a catarrhal, desquamative, 
alveolar pneumonia. Only now do leucocytes with 
lobulated nuclei assume their role in phagocytosis 
of the dust particles. A small proportion of the 
alveolar phagocytes reach the exterior with the 
exhaled air but the greater part enter the lymphatics 
of the alveoli and interstitial tissue and are carried 
away. Concomitantly some free dust particles 
arrive in the interstitial tissue. 

It is not our intention to describe the pathology 
of pneumoconiosis beyond this stage, for what is 
described will suffice to show that phagocytosis 
plays an important part in the defences of the body 


in this disorder. That this is so is further supported 
by the fact that phagocytosis in the manner we 
have described may take place in a few minutes, 
as has been shown in animal experiments. It 
therefore appears reasonable, without adopting 
an argument too narrowly teleological, to regard 
it as of fundamental importance for the process 
of regeneration. Every experienced histologist of 
the pulmonary system, and particularly those who 
have performed animal experiments, will confirm 
these observations. 

We thought it appropriate to study such a 
characteristic phenomenon as phagocytosis in 
isolated tissue cultures with regard to the Leit- 
staub* problem and with special attention to 
the ingestion of dust particles. In this work we 
noted that the cellular activities occurring in the 
lung may be reproduced to a considerable extent 
in tissue cultures (Figs. 1, 2, and 3). Also, in 
tissue cultures a large quantity of the dust 
is phagocytosed by a certain group of cells. It 
is noted that the capacity of the macrophages to 
ingest is directly related to the conditions of growth. 
If the amount of available dust is excessive and the 
conditions are favourable the macrophages are 
filled with particles. Those particles which cannot 
now be ingested remain extracellular, as our experi- 
ments with dust counts have shown. In tissue 
culture aggregations of dust cells and the forma- 
tion of spaces quite free from dust may also be 
observed. The appearance is similar to that seen 
in lungs in which some areas are affected by dust 
and others remain free. 

The similarity of these reactive mechanisms 
induced us to go further than mere morphological 
observations and to study phagocytosis quantita- 
tively with various kinds of dusts and dust mixtures. 


_ **Leitstaub”’, literally translated means “guide dust ", for 
instance aluminium, used for the prevention of silicosis. 
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Fic. 1.—Silimanite lung (human): cirrhotic changes in the lung 
tissue with the remains of three alveoli are seen. In these 
phagocytes loaded with dust particles may be seen. (» 500.) 


Fic. 2.—Aluminium lung (rabbit) showing marked desquamative 
catarrh with numerous cells containing aluminium particles. 
(Phagocytes packed with aluminium dust, taken 392 days after 
the beginning of exposure to dust, may be seen.) (»« 500.) 


Fic. 3.—Tissue culture of chicken embryo spleen tissue dusted with 
aluminium metal (black). The addition was made at the first 
sub-culturing, followed by 24 hours’ incubation. (x 250.) 


It is important to discover a test which will show, 
as early as possible, the silicotic action of any 
given dust. By means of a considerably improved 
technique, to which we shall return later, it is 
hoped to establish the relationship between the 
degree of activity of a dust in provoking silicotic 
changes and the degree of phagocytosis. 

Up to the present most attempts to determine 
the silicotic action of dusts have been made in 
experiments with rabbits extending over several 
years. in any case the period necessary for 
investigation exceeded at least a year in order to 
make certain that silicotic changes would be seen. 
More recently Riittner (1950) has performed 
experiments in which dust was applied to the 
peritoneum of mice and in this procedure silicotic 
changes could be seen even after as short a time 
as one month. The histological sections then 
showed typical concentric nodules of silicosis. 
An even more rapid method for estimating the 
effect of dust is the intratracheal injection of dust 
in rats as practised by Kettle (1932) and which 
King (1950) later used successfully in extensive 
tests. A further method of investigation using 
rabbits is the intraocular application of dusts which 
may produce silicotic changes very rapidly. 

Fenn (1922) was the first investigator to study 
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PHAGOCYTOSIS OF INDUSTRIAL DUSTS 


the phagocytosis of the most important dust of 
all, i.e., free crystalline silicic acid. He used 
suspensions of leucocytes in his experiments and 
considered that the degree of phagocytosis occurr- 
ing with any given dust gave information concerning 
its power to injure the lungs. He thought that the 
greater the phagocytosis the less dangerous the 
dust, presuming the dust at least was removed from 
the primary focus. His experiments seemed to 
support this view since coal dust is much more 
readily phagocytosed than quartz dust. These results 
were not confirmed by Franks and Watt (1934, 
1937) and Kasten (1939) who found phagocytosis 
of quartz as good as that of coal dust. 

Since then the general validity of this thesis 
is no longer accepted and recent experiments have 
concentrated more on the morphological changes in 
the cell which is taking up dust particles. Policard 
(1941, 1944) was the first to use for this purpose 
tissue cultures derived from chick embryo lungs. 
Lauche (1931) used embryonic splenic tissue while 
Franks and Watt (1937) employed suspensions of 
leucocytes, and later Kasten (1939) made use of 
splenic macrophages. Up to the present, the 
results, with regard to the phagocytosis index and 
the morphologica! changes observed in the cells 
caused by various kinds of dust, have not permitted 
any general agreement to be reached. 

We were encouraged to study the same problem 
on a large scale because, with the help of the phase- 
contrast microscope, we could expect a_ better 
evaluation of the phenomenon of phagocytosis. 
The first investigations of this kind were made in 
our institute by Fischer in 195i. Work concerning 
the phagocytosis index done up to the present 
has always dealt with the estimation of the relative 
proportions of total macrophages to those which 
had ingested particles (Index 1). When we got a 
better view of the dust with the phase-contrast 
microscope it was possible to count with great 
accuracy the individual dust particles in the cells 
and thus establish an index of the total number of 
phagocytosed particles per 100 phagocytes (Index II). 

Our own experiments, which were carried out in 
association with Fischer, should not only show the 
differential phagocytosis of various kinds of dust 
but we also studied the phagocytosis index of 
quartz dust when mixed with protective dusts, 
i.e., dusts of mineral origin which themselves are nor 
dangerous to the lung, and which when mixed with 
quartz dust are supposed to diminish or even prevent 
its pathological action (Jétten, 1944 ; Gartner, 1950). 

Methods 

The investigations carried out in this work were 

made with spleen macrophages prepared by Carrel’s 
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method as described by Fischer. Explants were obtained 
from the spleen of 13-day chick embryos. This 
embryonic tissue is particularly rich in phagocvtes 
(Fig. 4). The culture medium consists of chicken blood 
plasma and embryonic extract which is obtained by 
centrifuging a finely divided 9-day chick embryo. To 
prevent coagulation the chicken blood is drawn into 
tubes coated with paraffin wax. The plasma fraction 
of the medium through coagulation forms a very suitable 
support for the aberrant cells. The cultures are made 
on cover-slips. The spleen is divided into fragments 
each the size of a pin head; using a micropipette 
0-015 ml. of plasma is put on a cover-slip and a fragment 
of spleen is put in this to form a mother tissue. Then 
0-015 ml. of embryonic extract is added and the two 
fluids are well mixed with a preparation needle. The 
drop is drawn out uniformly to a diameter of 13 to 15 mm. 
The work must be done quickly for coagulation soon 
occurs. When it is completed the cover glass is picked 
up with the hollow ground slide, smeared with paraffin 
in such a way that the drop lies exactly in the hollow 
centre of the slide. It is sealed all round with paraffin 
wax and the culture is incubated for 48 hours in the 
incubator at a temperature of 38-39° C. Then it is 
transplanted into a fresh medium. 

The mother tissue is lifted out of the medium, which 


Fic. 4.—Spleen culture after second transplant and 48 hours’ incu- 
bation. Central mother tissue with radiating fibroblast formation 
and peripheral macrophages. (x 175.) 
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is now mostly fluid, washed in Ringer’s solution for a 
few minutes and then re-implanted into fresh medium 
in the manner already described. Although consider- 
able precautions are taken, it is not always possible to 
prevent bacterial contamination of the cultures. For 
this reason we add to the medium penicillin in a strength 
of 50 I1.U. per ml. The addition of penicillin has no 
visible effect on the growth of the culture or on the 
behaviour of the cells. Only if the strength is increased 
to 1,000 I.U. there is a slight retardation of growth, 
whilst complete inhibition of growth occurs when 
the medium contains 25,000 I.U. and more (van Marwyck, 
1949). 

The cultures . 2 most conveniently brought into 
contact with dust by adding a suspension of the dust 
material in Ringer’s solution (Kasten, 1939). To 
0-01 mi. of plasma 0-01 ml. of the dust suspension is 
added ; the spleen culture is placed in the mixture 
and then 0-01 ml. of embryonic extract added. The 
distribution of the dust on the surface of the cover- 
slip is not much altered in the process of mixing. The 
macrophages are seen to grow out mainly in this plane 
whereas at other levels, where many small round cells 
are observed, there are few macrophages. The size 
of the dust particles must not exceed 8 as those larger 
than this are poorly phagocytized or perhaps not at all. 
In silicotic Jungs the quartz particles do not exceed 
5u (Mavrogordato, Béhme, and Lucanus, 1943-44). 
As a rule they are about I in size or even less (0°1-10y. 
Scheid, 1932). 

The time of the first subculturing is chosen for the 
addition of the dust, for it is found that in subcultures 
the number of round cells diminishes while the fibro- 
blasts increase; the former eventually disappear. 
The outward growth of the cells begins in a very short 
time and in six hours it is very active. At this time 
hardly any phagocytosis is seen but numerous cells 
are adjacent to the dust particles. After 12 hours the 
particles have been ingested and the cells have spread 
over a larger area. The phagocytes, which have already 
taken up some particles, also move to the periphery 
and take up any further dust they may meet. Very soon 
the immediate neighbourhood of the mother tissue is 
almost free of dust but beyond this the field is full of 
phagocytes in a broad ring, many of them packed with 
dust particles. Beyond this again only dust particles 
are seen but no cellular elements. 


For the first 24 hours the cells do not exhibit 
much fatty change and the dust particles are there- 
fore easily detectable under the phase-contrast 
microscope. The quartz particles are seen as 
brightly illuminated angular structures against 
the darker body of the cells and these again stand 
out against the medium which is somewhat brighter. 
Other dusts such as black aluminium in any case give 
a good contrast as they are so impervious to light. 
This also holds good for English red (an iron pig- 
ment) which has been chosen for special preliminary 
study as it stands out so well (Fig. 5). The condi- 


tion of the cultures after 24 hours’ incubation 
is best for the visualization of the individual dust 
particles, since, at this time, no fatty change of the 
cells has begun. After 48 hours the cells may be so 
fatty that smaller quartz dust particles than those 


Fic. 5.—Tissue culture of spleen from chicken embryo. Dust was 
English red. Individual macrophages are seen with numerous 
ingested particles. (» 850.) 


seen in Fig. 6 are barely distinguishable from the 
fatty droplets in brightness and colour and can 
only be made out because of their angular shape. 
For these reasons the preparations were always 
evaluated between 13 and 44 hours. Counts were 
made at intervals in the circular zone of macro- 
phages and during the period stated. As _ this 
zone slowly moves centrifugally and additional 
dust particles lying distally are ingested, different 
counts are to be expected when counted at different 
times. The differences between the figures were 
eliminated by readings at fixed intervals in each 
series of examinations. In each case 100 macrophages 
were counted and of these the number of phago- 
cytes containing dust particles was recorded (Index 1). 
The particles remaining in the free field were also 
counted. In this way it was possible to compare 
similar dust-cell fields. No counts were taken 
into consideration, where no or great masses of free 
dust particles were to be seen. Furthermore the 
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Fic. 6.—Tissue culture (spleen) after dusting with pure quartz ; 
second transplant after 48 hours’ incubation. ( 565.) 


number of particles contained in every cell of 
100 dust cells was counted (Index II). 

Counts were made in those parts of the cultures 
where the optimal conditions were found, namely 
where growth was vigorous and sufficient dust 
particles were available. It is evident that the 
degree of phagocytosis observed must be related 
to the amount of available dust, for if few particles 
are available few can be taken up, though the 
capacity of the cells to do so may still be consider- 
able. The migration of the cells is not specifically 
directed towards the particles since the medium 
itself acts as a foreign body irritant; merely 
what lies in the way is automatically ingested. 

We chose among the protective stone dusts 
those which were already used in animal experi- 
ments as described by Jétten (1944). These 
protective dusts, used in mining, comprised the 
following mineral substances. (1) Limestone (CaCO,) 
has been successfully employed by Emmons in test 
tubes experiments and by Jétten in animal experi- 
ments. (2) Sucal powder, a calcium-sulphur com- 
bination somewhat like pure gypsum, has been 
found useful in practical tests carried out in the 
mines of the Siegerland and also in animal experi- 
ments conducted by Jétten. (3) Bolus alba is a pure 
hygroscopic aluminium silicate which Jétten has 
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also used in animal experiments. (4) Metallic 
aluminium, in the form of “ black aluminium ”’, 
so termed to describe the colour of the aluminium 
powder, which is determined by the size of the 
particles: using this kind of aluminium powder 
Denny, Robson, and Irwin (1937a and b, 1939) 
performed their successful experiments with animals 
and human beings. (5) Metallic aluminium (silver- 
bronze aluminium), is chemically the same material 
as the former one but it is distinguished from it 
by a somewhat larger particle size. With this 
material Jétten and Eickhoff (1942) and van 
Marwyck and Eickhoff (1950) did their animal 
experiments and stated the pathogenicity of this 
aluminium dust. 

The particle size of all the materials described 
lay around 3u, but aluminium black had a 
particle size of about Iv. For the tissue culture 
tests the most suitable quantity of dust was found 
to consist of 30 to 40 mg. in 15 ml. of Ringer's 
solution. 


Results 


The results of the principal experiments on the 
phagocytosis of dust are illustrated in Figs. 7, 8, 
and 9. The mean values of all counts are given, 
which were made between the thirteenth and 
forty-fourth hour. In the examples given in Figs. 7 
and 8 the mean curve for quartz is included. This 
starts with high readings and then gradually climbs 


Fic. 7.—Graph of phagocytosis of quartz and calcium carbonate 
separately and mixed. Mean curve from all readings taken. 
Readings between 13 and 44 hours. 

Phagocytosis of pure quartz: for every 100 cells counted, 61 
have taken up particles, and 100 cells containing quartz have 
ingested altogether 312 particles. 

Phagocytosis of pure limestone (CaCO,): for every 100 cells 
counted, 62 have ingested particles. In 100 cells containing 
these a total of 534 was ingested. 

Phagocytosis of the quartz-limestone dust mixture: for every 
100 cells counted, 64 have ingested particles. In 100 cells 
exhibiting phagocytosis there were altogether 370 particles. 
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Fic. 8.—Graph of phagocytosis of quartz and aluminium (black) 
separately and mixed. Mean figures from all readings. Readings 
taken between 13 and 44 hours. Phagocytosis of pure quartz 
is the same as in Fig. 7. 

Phagocytosis of aluminium: for every 100 cells counted, 


48 have ingested particles. In 100 cells a total of 314 particles 
were ingested. 


Phagocytosis of the quartz-aluminium mixture ; for every 100 
cells counted, 68 ingested particles. In 100 cells 497 particles 
were ingested. The rise of phagocytosis is 58-9%. 


down. For comparison the phagocytosis curves 
for the pure protective stone dusts are also presented. 
It is interesting to note that the protective stone 
dusts are in most cases taken up at the same rate 
as quartz dust, but calcium carbonate behaves 
somewhat differently from the others. It was 
found that (using Index II) calcium carbonate 
particles were much more readily ingested than 
those of the other protective dusts. With all other 
dusts the maximum number of particles ingested 
per cell was around 11, and it was not uncommon 
to see as many as [5 particles of limestone ingested 
in one cell. 

If we consider the phagocytosis effect (Index II) 
which is obtained by admixture of the various 
protective dusts it is noted that the addition of 
CaCO, makes little difference to the number 
of particles ingested. When quartz dust is mixed 
with Bolus alba the effect is also not particularly 
marked, the increase being about 18°,. But this 
figure may well lie within the limits of error of 
the experiment. When sucal dust is used the 
figure rises to 38-8°,. This result is particularly 
striking since it must signify an increase in the 
number of quartz particles ingested, for, after the 
dusts had been mixed, the sucal dust had dissolved 
in the suspension and its particles could no longer 
be enumerated. 

The shape of the quartz phagocytosis curve 
before and after the addition of metallic aluminium 
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black (Fig. 8) gives a striking illustration of the 
course of phagocytosis which results. This is 
strong evidence that the curves shown do, in fact, 
bring out the true facts of phagocytosis. The curve 
for the pure substance lies high to begin with and 
then falls slowly, whereas the curve for the mixture 
begins at a considerably lower level but then rises 
to a maximum before falling again to the right, 
as does the quartz curve. It appears therefore that 
the number of cells containing only a few quartz 
particles is small after aluminium black has been 
added ; furthermore the number of cells containing 
numerous dust particles has greatly increased. 
In fact the increase after the addition of the 
aluminium black was 58-9°., a figure which we 
did not obtain with any other protective dust. 

In conclusion we will refer to the experiments 
with silver-bronze aluminium, a material which 
was probably heavily coated with hydroxide after 
moist sterilization. An increase of phagocytosis 
when this substance was used was no more evident 
than when CaCO, was used. 


Variety of Dust 


Quartz 100°, 
Quartz CaCO, | 100°, 


Quartz metallic alum 100°. 


1388, 


Quartz + Bolus alba 


Quartz + Sucal 


Quartz + black metallic aluminium | 1S8.%., 
Degree of Phagocytosis (index !I)* 


Fic. 9.—Graph of augmentation of quartz phagocytosis by guide dusts 
(Index II). 


The results of these investigations, particularly 
those with sucal and, notably, the complete absence 
of any demonstrable effect with silver-bronze 
aluminium, taken in association with the other 
experimental work in this instituie, have great 
significance. In animal experiments, the addition 
of sucal powder prevented the development of 
silicosis whereas, when silver-bronze aluminium 
dust was used with the same noxious agent, there 
was not even a retardation of the silicotic changes. 

It was only after the war that it became known 
to us that the Americans, in their animal experi- 
ments, had used aluminium black, and that this 
particular material very much delayed and even 
prevented the development of silicotic changes in 
these animals. These results with aluminium black 
were recently confirmed by King (1950), who also 
found marked retardation in the development of 
silicosis in rats. 
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In summarizing our results it appears that the 
greater the power of a protective dust to stimulate 
phagocytosis of quartz particles, the greater is its 
pro‘ective value against silicosis. Our current 
experiments with tissue cultures are designed to 
bring supporting evidence for this thesis by obser- 
vations of the specific-morphological cell reactions 
as seen in tissue cultures. 


Summary 


By using phase-contrast microscopical methods 
it was possible to enumerate exactly the dust 
particles taken up by phagocytes in tissue cultures. 

Based on this fact we used two methods of 
observation of the phagocytosis index, which were 
these : (1) the relative proportions of total macro- 
phages to those which had ingested particles ; (I]) 
the number of dust particles taken up by 100 dust 
cells. It was found that the first index, hitherto in 
use, gives always the same results. This method 
is not sensitive enough, but the second index 
gives constant measurable figures and striking 
differences for the different dusts. 

Based on the evidence of Index II we found that 
the protective mineral dusts increased the phago- 
cytosis of quartz particles as follows : bolus alba, 
18°,, sucal (gypsum), 38°,, metallic aluminium 


(black), 58°,, ; limestone (CaCO,) as well as metallic 
aluminium (silver-bronze) had no effect whatever. 

In relating these results to those of our own 
animal experiments with protective stone dusts, 
it appears probable that such protective dusts 
which promote phagocytosis are capable of reducing 
the silicotic action of quartz. 
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Gas-workers are known to be specially liable to 
develop cancer of the skin and bladder (Henry, 
Kennaway, and Kennaway, 1931) and it has been 
suggested that they also suffer an unduly high 
mortality from cancer of the lung (Kennaway and 
Kennaway, 1947). The latter suggestion is based 
on an analysis of male deaths certified as being due 
to cancer of the lung in England and Wales during 
the period 1921-38. Fifty-six occupations were 
studied, including seven groups of gas-workers. 
The number of deaths attributed to cancer of the 
lung was greater, in each of the seven groups, than 
the number expected from the experience of the 
total and the excess varied from 29°,, to as much as 
184°. Such evidence is strongly suggestive of a 
special occupational risk. It is not conclusive, 
because the numbers of men engaged in the various 
occupations had to be deduced from the evidence 
provided by the censuses of 1921 and 1931 and were 
not known with any certainty after the latter date. 
Further evidence has, therefore, been sought. 


Method of Investigation 


The method of study adopted was a comparison 
between the mortality rates experienced by male 
pensioners of a large London gas company and the 
male population of Greater London. The pension 
scheme covered all employees of the company, 
other than salaried staff, who had reached the age 
of 55 at the time of retirement; in addition, I1 
men, alive during the period of the study, had 
retired under the age of 55 and had been given 
pensions at the company’s discretion. A _ small 
proportion of those who retired before 1930 had 
voluntarily relinquished their membership of the 
scheme, but the scheme was otherwise all-embracing. 
The usual age for retirement was 65 ; an appreciable 
proportion of those who retired earlier must be 


assumed to have done so for health reasons, par- 
ticularly when the age of retirement was under 60. 
The study was, therefore, confined to pensioners 
over 60, but men who had retired earlier were 
included on reaching 60, so as not to bias the 
investigation by the exclusion of a_ particularly 
unhealthy group. Men who were in receipt of a 
pension on January 1, 1939, or who began to 
receive a pension in the succeeding 10 years were 
studied. The date of birth, the date of entering the 
pension scheme and, where applicable, the date and 
cause of death, were recorded for each pensioner, 
and the number in each five-year age group was 
counted separately for each of the years 1939 to 
1948. A pensioner who was in receipt of a pension 
before the beginning of a year and who was alive 
at the end of the year was counted as one unit; a 
pensioner who received a pension before the 
beginning of the year but who died during it, and 
one who began to receive a pension during the year 
and who survived to the end of it, were each counted 
as half a unit ; one who began to receive a pension 
and who died during the same year was counted 
as a quarter of a unit. 

The causes of death recorded by the company 
had been copied from death certificates and could, 
therefore, be classified directly in selected categories 
according to the Registrar General’s rules for 
classification. Where doubt existed about the 
correct classification, the case was referred to the 
General Register Office and the particular classifi- 
cation under which the death had been put at the 
time of death was determined. 

The number of deaths expected to have occurred 
from each category of diseases was calculated in 
the first place from the mortality experience in the 
same years of the male population of England and 
Wales. To the number of pensioners alive each 
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year, in each five-year age group, the corresponding 
mortality rate experienced throughout the whole of 
England and Wales in the same age group was 
applied. For instance, for all England and Wales 
the mortality rate from diseases of the cardio- 
vascular system among men aged 65-69 in 1940 was 
15-7 per 1,000. The number of male pensioners of 
that age, alive that year, was 451 and the number 
of deaths expected was, therefore, 451 * 15-7/1,000 
== 7-1. The total number of deaths expected from 
each group of diseases was obtained by adding the 
numbers thus calculated for each age group for 
each of the 10 years. 

The great majority of the pensioners were London 
residents and, when they died, died in London, so 
that it would clearly have been preferable to have 
based the calculations of the expected deaths upon 
the death rates observed in London rather than 
upon the rates for all England and Wales, since the 
rates for England and Wales and for Greater 
London differ in some respects. Unfortunately the 
required death rates in Greater London were not 
available for sufficiently small age groups. It was, 
however, possible to apply a coarse London 
weighting, or correcting, factor to the deaths as 
calculated from the England and Wales rates and 
thus to bring them, it is believed, more into con- 
formity with the numbers that would be expected 
for residents in Greater London. Weights could 
not be calculated for all the disease groups studied 
because the numbers of deaths are not given by the 
Registrar General separately for Greater London 
for all diseases. 


Weights were calculated for tuberculosis, cancer and 
other tumours, diseases of the cardiovascular system, 
the respiratory system and the digestive system, for 
violence, and for ** all causes ”’ by dividing the mortality 
rates from each cause among men of 65 and over* in 
Greater London by the corresponding rates for England 
and Wales. The necessary figures are provided by the 
Registrar General in his annual reviews for 1939, 1940, 
1941, and 1948 ; for the years 1942-47 no estimates of 
the population by age in Greater London are available. 
The ratios for each disease group were calculated for 
each of the four years (two of which were war years and 
two of which were mainly years of peace) and were 
averaged to give the weights for the whole period. 

The Registrar General does not after 1939 give the 
number of deaths attributed to senility in Greater 
London for different age groups. In 1939, however, 
99-3°, of the male deaths attributed to senility were in 
men of 65 or over, so that the total deaths from senility 
were used for calculating the rates over 65 in the years 
1940, 1941, and 1948; very little error can have been 


* Figures are available for this age group, but not for the more 
appropriate one of 60 and over. 
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introduced by so doing. The total mortality rates for 
all causes other than those referred to above were 
calculated by subtracting the rates for the separate 
disease groups (including the estimated rates for senility) 
from the rates for all causes. Weights for the whole 
period for these two groups, senility and other causes, 
were then calculated from the mortality rates as above. 

Figures for cancer of the stomach by age in Greater 
London are not available for 1939; the required 
weighting was, therefore, obtained by duplicating the 
figure for the only other year of peace available (1948) 
before averaging. 

No figures are available for cancer of the lung by age 
in Greater London for any of the years 1939-1948. 
The mortality rate is available for Greater London in 
1948 for men of all ages, and it was assumed that the 
ratio between this and the rate for all men in England 
and Wales would be a reasonable index of the required 
ratio for men of 65 and over. There is no reason to 
suppose that the ratios for this disease were markedly 
affected by war conditions, and the ratio for 1948 was, 
therefore, taken as the best estimate of the weighting 
for lung cancer for the whole period. 

The weighting for ‘‘ other tumours” was obtained 
from the figures for 1940, 1941, and 1948 by a method 
similar to that used for cancer of the stomach. The 
expected numbers of deaths in men of 65 and over were, 
however, obtained by subtracting the numbers of deaths 
due to cancer of the stomach and the estimates of the 
numbers due to cancer of the lung from the totals for all 
tumours. 

Results 

The number of pensioners alive each calendar 
year in each age group is shown in Table 1. The 
total number of deaths and the number of deaths 
observed in each of the disease categories studied 
are shown in Table 2, together with the corres- 
ponding numbers of deaths expected on the basis 
of the experience of all England and Wales. From 
this comparison, it would appear that the pen- 
sioners suffered an excess mortality from cancer and 
a decreased mortality from diseases of the central 
nervous system and from senility. The total 
mortality from all causes is close to the expected 
and the small excess is not statistically significant. 

When the cancer deaths are subdivided according 
to site, it is seen that the excess is largely due to an 
excess of deaths from cancer of the lungs and pleura 
(25 against 10-4 expected). Most of the other 
groups show a slight excess but the differences are 
small and, taken all together, are not significant 
(131 observed against 113-1 expected; 0-05<P< 
0-10). The deaths from cancer of the skin and 
from cancer of the bladder (included in cancer of 
the urinary organs) are too few for separate assess- 
ment. 

Comparison between the pensioners who lived 
and worked and mostly died in London, and the 
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NUMBER OF PENSIONERS ALIVE mpi AGE GROUP FROM 1939 TO 1948* 

Age 1939 1940 1941 1942 1943 1944 1945 1946 1947, 1948 
65-69 eS 434 451 440 401} 372 3504 345} 3844 430} 4343 
70-74 320 3334 3244 335 3404 341 3573 361} 360 3S} 
75-79 156} 1744 195} 199 212 220 2254 2165 2123 | 223 
80-84 57} 52 584 70} 80 90 98} 1123 | (1234 
18} 21) 224 24 204 214 21 234 
All ages60+ .. | 1,049 | 1,097 1,104 11,0922 (1,078, 


*For explanation of fractions see p. 000. 


general male population of England and Wales is, 
however, as stated above, probably not justified. 
It is, for example, believed that cancer of the lung 
is commoner in London than in most of the country, 
whereas senility is less frequently resorted to as a 
cause of death on London death certificates. It is 
preferable, therefore, to make the comparison with 
the causes of death in the limited population of 
Londoners. 

The ratios between the mortality rates of men 
over 65 in Greater London and in all England and 
Wales have been used, as already described, as 
weights to enable the expected number of deaths 
among Londoners to be estimated from the 


experience of the whole country. The results are 
shown in Table 3. Information was not available 
to enable the weights to be calculated for all the 
disease groups. When it has been possible to 
calculate a weight the result has been that the 
estimated numbers of deaths expected among a 
population of Londoners comparable with the 
group of pensioners are close to the actual numbers 
observed for all categories of disease other than for 
cancer of the lung. For lung cancer, the observed 
mortality is almost double the expected and the 
excess is statistically highly significant. In no 
other group is the difference between the observed 
and expected deaths such that it cannot reasonably 


TABLE 2 


CAUSES OF DEATH OF PENSIONERS FROM 1939 TO 1948 COMPARED WITH THE EXPERIENCE OF ALL 
ENGLAND AND WALES 


Cause of Death 


No. of Deaths Test of Significance of 
Difference between 


Observed and Expected 


Observed Expected (Value of P*) 
Tuberculosis 10 77 — 
Cancer and other tumours 156 123-5 <0-01 
Cancer of buccal cavity and pharynx .. 9 9-3 _ 
ie » stomach and duodenum 32 25-0 
intestines, other than duodenum 36 33-5 
larynx and trachea be 0 3-2 — 
lungs and pleura rae 25 10-4 <0-001 
male genitals, other than prostate 2 1-0 — 
urinary organs 9 — 
skin, other than scrotum 4 24 . 
Other tumours 39 32-9 ~- 
Diseases of the central nervous system 78 108-9 <0-01 
»  cafdiovascular system 322 317-7 
respiratory system 120 102-1 — 
digestive system 25 23-4 — 
urogenital system 46 57-1 — 
Senility 20 38-5 <0-01 
Violence 23 23-0 | — 
Other causes 40 29-7 scias 
All causes 840 831-5 } oun 


*The values shown for P are the probabilities with which as great or greater differences between the observed and expected deaths might occur 


by chance. Values greater than 0-05 are not recorded. 
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TABLE 3 
CAUSES OF DEATH OF PENSIONERS FROM 1939 TO 1948 COMPARED WITH THE EXPERIENCE OF LONDONERS 


‘ Test of 
Expected No. of Deaths Significance 
Deaths at oo of Difference 
Causes of Death England Weights between 
and Wales . Expected at Observed Observed and 
Rates London Rates Expected 
(Value of P*) 
Tuberculosis Se 1-7 1-62 12-5 10 
Cancer and other tumours 123-5 1-10 135-9 156 — 
Cancer of stomach and duodenum 25-0 0-93 233 32 _ 
ai >, lungs and pleura 10-4 1:33 13-8 25 0-01 
Other tumours 88-1 + 98-8 99 ~ 
Diseases of cardiovascular system 317-7 1-04 330-4 322 
Tespiratory system .. 102-1 1-25 127-6 120 
, digestive system 23-4 1-24 29-0 25 — 
Diseases of central nervous system 108-9 ) 
Urogenital system - 198-7 - 168-5 164 


*The values shown for P are the probabilities with which as great or greater differences between the observed and expected deaths might 


occur by chance. Values greater than 0-05 are not recorded. 


+Estimated weights for these groups are 1-13 (other tumours) and 0-87 (diseases of the central nervous system, urogenital system, and other 
causes) ; with these weights estimates are obtained of the expected number of London deaths of 99-5 and 172-9 respectively. 
shown in the Table were obtained by subtracting the number of deaths expected in the other categories from the totals for all cancer and for 


all causes. Both methods lead to the same conclusions. 


be attributed to chance. The close correspondence 
between the observed and expected deaths for all 
the categories other than lung cancer suggests that 
the method of estimating the number of expected 
deaths is an appropriate one; it enables us to 
conclude with some confidence that gas-workers 
suffer a disproportionately heavy mortality from 
cancer of the lung. 

Gas-workers are presumably not all equally 
exposed to the risk of developing lung cancer. 
The unsalaried staff of the company were employed 
in occupations as heterogeneous as those of lamp- 
lighter, pipe-fitter, naphthalene washer, and stillman, 
and the extent of their contact with carcinogenic 
substances must have been equally varied. The 
simplest division of the employees is into those 
working “ on the district ’’, i.e. engaged outside the 
works in laying pipes, fitting stoves, collecting from 
meters, and those engaged in the works, whether in 
the production of gas or in the handling of the 
chemical residues. According to the pension 
records of all the 840 pensioners who died, 524 
(62°2°,) had been predominantly employed in the 
works; of the 25 who died of lung cancer 17 
(68-0°,,) had been so employed. The difference is 
statistically quite insignificant. On the other hand, 
if it is assumed that the proportion of district 
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* The expected number = < 138 


The figures 


workers among the “expected” cases of lung 
cancer would be the same as that among the pen- 
sioners who died of other causes, the excess number 
of deaths observed is not impressive (eight against 
5:2 expected*). In contrast, the excess among the 
works employees is clearly significant (17 against 
8-6 expected ; 0-01<P<0-02). 

The occupational history of the lung cancer 
patients has been investigated in greater detail, but 
their employment went back to before the first 
world war and in many cases to the end of the nine- 
teenth century, so that it is unfortunately incom- 
plete. The results are shown in Table 4. One of 
the district workers was known to have had a 
period of employment in the works, and the 
majority of the works employees had been, at one 
time or another, in close contact with coal-tar or 
its derivatives. On the evidence available it is not 
possible to say that the risk is limited to workers 
concerned in the production of gas and in the 
treatment of the waste products. 


Discussion 

It might be thought that the absence of a fixed 
age for retirement would have resulted in the 
inclusion of a disproportionate number of unhealthy 
men among the pensioners, despite the exclusion 
from the study of men under 60, who are the most 
likely to have been retired for health reasons. 
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TABLE 4 
OCCUPATIONAL HISTORY OF PENSIONERS DYING OF LUNG CANCER 
Predominant Age at 
Employment — 
According Case Starting Leaving Occupational History* 
to Pension Employment Company's Death 
Records Service 
District 1 37 48 63 Lamp-lighter 
a 2 29 63 78 Service layer’s labourer*+ 
” 3 24 63 72 Complaint man till aged 51, subsequently stove repairer 
a! 4 33 64 70 Service layert 
an 5 29 63 74 Lamp attendant 
we 6 17 64 64 Gas fitter 
as 7 25 65 68 Store keeper (dealing with defective meters) 
om x 24 65 74 Valveman in works till aged 36, subsequently slot collector 
Works 9 26 60 75 Naphthalene washer attendant aged 45-46; stoking machine 
attendant aged 49 ; lobbyman aged $4-60 and, for the rest, 
a works labourer 
os 10 25 61 75 Retort house worker and foreman till aged 59, then a yard foreman 
o li 25 62 69 Retort house worker and foreman 
iol 12 18 65 71 Retort house worker and chief carbonizing foreman 
ss 13 36 65 74 Watchman 
a 14 35 65 67 Stoker, oiler, and doorfitter 
ee 1s 36 65 68 Pipefitter 
a 16 25 65 68 Stoking machine driver 
a 17 39 65 69 Stoker, oiler, and doorfitter 
i 18 24 64 77 Labourer, \obbyman, and loader 
pa 19 48 66 82 Labourer 
a 20 19 61 63 Stoking machine driver till aged 38, then coal trucker and trimmer 
‘ 21 31 65 71 Naphthalene plant centrifuger, weighman and storekee 
ue 22 28 65 68 Stillman till aged 48, then traffic foreman till aged _56, then truck 
man and slot collector 
‘ 23 29 66 66 Hydraulic fitter 
a se 24 29 67 67 Scurfer (i.e., hot retort cleaner) 
iat bg 25 31 63 65 ? 


*Occupations known to result in exposure to tar products shown in italics. The histories are almost certainly incomplete. 


+Occupations possibly resulting in exposure to tar products. 


Had all, or many, of the disease groups shown an 
excess mortality it would not have been possible to 
draw any conclusions from the results, which 
might well have been due to the pensioners including 
a disproportionate number of men retired on 
health grounds. As it is, the close agreement 
between the observed and expected numbers of 
deaths from all causes other than from lung cancer 
justifies the comparison, and it is not reasonable to 
assume that the excess mortality observed from one 
cause alone can have been due to differential 
retirement for health reasons. 

In the group studied the mortality from cancer 
of the lung was 181°, of the mortality, which, it 
was estimated, would have been suffered by a com- 
parable group of representative Londoners, and 
240% of the mortality calculated for a comparable 
group representative of all England and Wales. 
These figures agree well with those obtained by 
Kennaway and Kennaway (1947) for gas-workers 
compared with the total adult male population. 

A rather greater difference has been obtained by 
mass radiography (Ministry of Health, 1950). The 
figures given are, however, crude; they do not 
take into account the age and sex constitution of 
the different occupational groups and they refer to 
all intrathoracic malignant neoplasms. Also the 


number of cases (four) observed among gas- 
workers is very small. 


It may, therefore, reasonably be concluded[ that 
gas-workers suffer a moderately increased risk of 
developing lung cancer. Whether the risk is 
solely associated with the production of gas, when 
carcinogenic hydrocarbons are known to be pro- 
duced, cannot be determined from the evidence so 
far provided. The similarity in the proportions of 
** district’ workers among the men who died of 
lung cancer and among those who died of other 
causes (32:0%, and 37-8°%) would suggest that 
these men are also exposed to an increased risk. 
An appreciable number of cases must, however, be 
expected to occur among gas-workers due to 
causes common to the whole population, e.g., 
tobacco smoking, and the cases occurring among 
“ district’ workers in this investigation are too 
few to be proof of the existence of any specific 
occupational factor. It may also be that fuller 
knowledge of the occupational history of the 


CANCER OF THE LUNG 


; | No. of Standardized 
Occupation | Deaths | Mortality 
| Recorded | Ratio 
Gas stokers and coke oven chargers | 85 } 284 
Gas producermen ‘ ——— 12 | 202 
Gas works foremen and inspectors Seta 25 174 
Gas fitters } 41 167 
Gas works engine and crane drivers *4 6 | 138 
Gas works managers : a 136 
Gas works labourers .. 96 129 
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LUNG CANCER AS A CAUSE OF DEATH IN GAS-WORKERS 


district workers would indicate that a dispropor- 
tionate number of those developing lung cancer had 
been employed at some previous period in the works. 
The evidence indicates a specific occupational risk 
of lung cancer for men engaged in the production 
of gas, but leaves open the question of there being 
a specific risk for men employed in gas distribution. 


Summary 


The causes of death among a group of pensioned 

workers of a large London gas company have been 
compared with those occurring generally among 
men in London. 
w Among the pensioners, there were 840 deaths 
against 856 which could have been expected. 
Individual causes of death (or groups of causes) 
showed no appreciable difference from the expected 
numbers with the exception of lung cancer; 25 
deaths were attributed to lung cancer against 13-8 
expected. 

The excess mortality from lung cancer occurred 
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principally among employees engaged on the pro- 
duction of gas and on the treatment of waste 
products (17 observed deaths to 8-6 expected). The 
deaths occurring among the workers concerned 
with gas distribution (eight observed to 5-2 expected) 
were too few to determine whether they were also 
exposed to any specific risk, or, if they were, 
whether the risk was different from that suffered by 
the works employees. 


I am most grateful to Professor A. Bradford Hill, 
Sir Ernest Kennaway, and Dr. D. D. Reid for their 
advice in the preparation of this paper, and to Miss 
E. M. Hines and Miss A. H. Huntley for assistance in 
making the calculations. 
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TO BYSSINOSIS 
PART II: SKIN TESTS FOR ALLERGY WITH EXTRACTS OF COTTON DUST 
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The clinical features of byssinosis which have 
suggested an allergic factor in its aetiology have 
been discussed in an earlier paper (Furness and 
Maitland, 1952). Prausnitz (1936) concluded, on 
the basis of a wheal and flare type of skin reaction 
elicited by injecting extracts of cotton dust, that he 
had demonstrated hypersensitivity specific to bys- 
sinosis and supported this view with collateral 
evidence. He noted also a delayed type of skin 
reaction which he thought was due to a non-specific 
toxic substance in the extract and he suggested that 
a direct irritant action of dust on the lungs was of 
primary importance in causing byssinosis. 

Bramwell and Ellis (1932) and Brown (1932) 
obtained an early type of skin reaction with extracts 
of cotton dust but their extracts contained histamine 
(Maitland, Heap, and Macdonald, 1932) and their 
results were of doubtful significance. That hista- 
mine or a similar substance can be extracted from 
cotton dust has been shown by Macdonald and 
Maitland (1934) and by Macdonald and Prausnitz 
(1936); its possible role in causing byssinosis has 
been discussed by Haworth and Macdonald (1937). 

Van Leeuwen (1932) made extracts of cotton 
dust which did not contain histamine. They 
produced an early reaction of wheal and erythema 
in nearly all asthmatics and a late reaction in 
asthmatics and in healthy people. 

If hypersensitivity is a major factor in byssinosis 
it might be possible to detect persons who had 
become hypersensitive before they were clinically 
affected and to take preventive measures. The 
possibility of desensitizing those with symptomatic 
byssinosis would also arise. The work reported 
here was undertaken to investigate these possi- 
bilities, but as it progressed the results of the skin 
tests raised doubts as to the validity of the assump- 


* Working under a grant from the British Cotton Industry 
Research Association. 


tion that the skin reactions indicated an allergy 
specific to byssinotic subjects. It is necessary, 
therefore, to describe the samples of dust examined, 
the methods used for extracting them, the properties 
of the extracts, and to assess critically the results of 
skin-testing. 


Methods of Extracting Cotton Dust 


During preparation all extracts if they had to stand 
for a time were kept at 4° C. unless otherwise stated. 

All extracts conformed to the standards laid down for 
sterility by the Statutory Rules and Orders (1931). 

The samples of dust extracted and the method of 
extracting them are shown in Table 1. (For further 
particulars regarding the source and physical character 
of these samples as well as the bacteria and fungi which 
they contained Furness and Maitland (1952) should be 
consulted.) 

The undiluted extracts contained about 0°1°,of dried 
residue (Table 1); the Rimington extract was made up 
in this strength. Thus the dilutions referred to during 
this work were further dilutions of a solution of about 
1/1000 weight/volume. 


Method Based on Prausnitz’ Method.—Shake 300 g. 
dust with 1,200 ml. petroleum ether continuously for 
six hours ; after settling overnight filter the supernatant 
fluid through paper, discard the filtrate, and return the 
residue in the filter to the bulk of material. Do this 
four times. Filter through paper in a Buchner funnel, 
wash with petroleum ether, and dry the “ fat-free” 
dust by sucking air through the mass. 

To the dried residue add 1 litre of the solution (pH 7:0) 
described by Grove and Coca (1925) and shake for six 
hours. Leave overnight, add a further litre of the 
extracting solution, squeeze the suspension through four 
thicknesses of muslin, and filter the extract through 
paper pulp and a Seitz clarifying K5 disc. Retain the 
residue for further extraction. On saturation of the 
partially clarified extract with ammonium sulphate a 
light, buff-coloured precipitate appears which is filtered 
off with glass-wool and redissolved in distilled water. 
Dialyse for 48 hours in running water. Reduce the 


186 


} 
| 
| 


| 
| 
| 
| 


COTTON DUST IN RELATION TO BYSSINOSIS: PART Il 


TABLE | 


THE SOURCE OF COTTON DUST AND PREPARATION OF EXTRACTS 
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Viable Counts of Dust+ 


Designation of | Sample of Source of (m. per g.) Method of peg ho og 
Extract Dust Dust pone Sides Extraction (g. per 100 mi.) 
Bacteria 
I G Shirley cage* 620 12 ~~ Prausnitz (simplified) O42 
II Prausnitzt O11 
Ill New York 0-22 
IV Rimington 
Vv Shirley cage 700 18 + New York 
VI Phosphate butter 
Vu H Air cleaning 4,000 85 “Prausnitz§ 
Vill plant Rimington O1 
IX E Flue dust 108 60 “Morgan 0-10 
xX New York (simplified) 0-09 


* Full details given in Furness and Maitland (1952) Table 1. 


+ Taken from Tables 3 and 6 in Furness and Maitland (1952), which give further details. 


volume to 50 ml. by evaporation under reduced pressure 
and not above 40° C. and freeze-dry the extract. 

To the residue from the first extraction add 1 litre of 
Grove and Coca’s solution, leave overnight, squeeze 
through muslin, filter, precipitate, and dialyse as before. 
Add the freeze-dried extract, dissolved in a minimum of 
distilled water, and make up to 700 ml. 

To this somewhat cloudy extract, pH 5-0, add N/10 
NaOH to bring the pH to 7-0-7:2, and remove the 
aggregated particles by centrifuging. Dilute two parts 
extract with three parts distilled water. Filter in 100 ml. 
amounts through a 6 cm. Seitz EK disc at 200 mm. 
Hg reduced pressure, taking about 30 minutes. Store 
“ae 

This technique departed somewhat from the procedure 
described by Prausnitz (1936). He sterilized the extract 
before precipitation by filtering it through paper pulp, 
a Seitz clarifying disc, and a Seitz EK disc, and carried out 
precipitation and dialysis aseptically. Filtration was 
relatively slow. The final dried extract, which he 
termed “* protein ’’, dissolved incompletely and formed a 
thick viscous layer on the filter so that the possibility of 
filtration at this stage was abandoned. We also found 
filtration before precipitation to be slow and for that 
reason avoided it in order to reduce the possibility of 
adsorption of biologically active material on the filter. 
We, too, have noted that the final dried extract dissolved 
with difficulty and made a viscous suspension which 
could not be filtered. We have, however, resolved this 
difficulty by adjusting the pH which aggregated small 
particles, and by diluting the supernatant fluid after 
centrifuging. The solution then filtered easily and 
quickly. Prausnitz did not record pH values. 


Simplified Prausnitz’ Method.—To lessen the possi- 
bility of losing active substances manipulation was 
reduced by the following modifications. 

Treat 100 g. dust with 400 ml. petroleum ether, 
shaking occasionally for 24 hours, and repeat the 
procedure. Extract the residue with 500 ml. Grove and 
Coca’s solution, squeeze through muslin ; also repeat 


{ Based on the method described by Prausnitz. 
j Filtered through kaolin instead of paper pulp. 


this procedure. Pool the extracts, and adjust with N/10 
NaOH to pH 7:3. Filter through paper pulp in a 
Buchner funnel. Saturate the filtrate with ammonium 
sulphate, stand for three days, and then filter through 
glass wool. Dissolve the precipitate in 200-300 ml. 
distilled water, dialyse in running water for two days, 
and adjust the pH to 7-1. Dilute two parts of extract 
with three parts water. Pass through a Seitz EK 6 cm. 
disc with a positive-pressure filter, using a pressure of 
600 mm. Hg. (about 300 ml. goes through fairly rapidly). 
Sterilize by filtering 100 ml. amounts through 6 cm. 
Seitz EK discs with 200 mm. Hg suction. Store at 4° C. 


The New York Method.—This was described by 
Cooke (1947) and used by the allergy laboratory of the 
New York Postgraduate Medical School and Hospital 
for extracting allergens from dust. There were no 
difficulties in this procedure. 

Treat 100 g. dust with 400 mi. petroleum ether, 
shaking occasionally for 24 hours and repeat. (Petroleum 
ether was substituted for the neutral solvent Sovasol 
No. 5 which was not available.) Extract with 500 ml. 
Coca’s (1922) solution, pH 8-2, at room temperature for 
two days, shaking occasionally. Squeeze through four 
thicknesses of muslin and filter through paper pulp in a 
Buchner funnel. Dialyse the filtrate, about pH 8-0, 
against Evans’ (1922) saline, pH 7-0, changing the saline 
daily until the pH value of the filtrate is the same as 
that of the saline. Filter off through paper the deposit 
that forms during dialysis. Remove the cloudiness by 
centrifuging the filtrate (pH 7:1), throwing down an 
appreciable deposit. Dilute two parts of extract with 
three parts of distilled water, filter in 100 ml. amounts 
through 6 cm. Seitz EK discs. Store at 4° C. 


Simplified New York Method.—The following modi- 
fications were made to limit the possible loss of active 
substances. After extraction with Coca’s solution 
partially clarify by centrifuging. Dialyse for four 
days changing the saline daily. Clear the extract by 
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centrifuging before sterilizing it by filtration through a 
gradacol membrane with a pore diameter of 0-99u. 


Rimington’s Method.— Rimington, Stillwell, and Maun- 
sell (1947) in extracting allergens from house dust based 
their technique on that of Sutherland (1942). 

Mix 100 g. dust with 350 ml. N/100 ammonia and 
leave for 24 hours shaking occasionally. Squeeze 
through muslin and re-extract with 175 ml. N/100 
ammonia. Pool the extracts, centrifuge, and filter 
through kaolin. To the supernatant fluid (260 ml.) 
add 5 g. sodium benzoate and leave for 24 hours ; add 
HCI (1 part concentrated HCI to 5 parts water) while 
stirring until just acid to congo red. Filter off the 
precipitate of benzoic acid and redissolve it in acetone. 
Deposit the insoluble material by centrifuging, wash it 
twice with acetone, once with alcohol and once with 
ether, and dry in vacuo. Mix the powder (0-105 g.) with 
5-10 ml. distilled water using a syringe and wide-bore 
needle, leave for 48 hours, centrifuge, remove the 
supernatant fluid, re-extract the deposit similarly, pool 
the extracts, and discard the solid residue. Freeze-dry 
the extract. Dissolve the dried extract (0-033 g.) in 
saline making a 0-1°% weight/volume solution ; sterilize 
by heating for 30 minutes in the steamer on three suc- 
cessive days. Store at 4° C. 

Rimington and others (1947) found that their extracts 
of house dust were fully active at this stage of preparation, 
but they purified them further (Rimington and Maunsell, 
1950). 


Morgan's Method.—In view of the large numbers of 
bacteria and fungi in the dust (Furness and Maitland, 
1952) and the possibility that the biologically active 
substances in dust might come from them, a further 
extract was made using the method devised by Morgan 
(1937) for extracting antigen from Shigella shigae. 

To 100 g. dust add 200 ml. diethylene glycol ; stand 
at 4° C. for seven days shaking occasionally. Squeeze 
through muslin and centrifuge to remove as much 
suspended material as possible. Dialyse for 24 hours 
in running water at room temperature and centrifuge. 
Dialyse for a further 24 hours and centrifuge. To 100 
ml. of extract (Table 1) containing 0-103 g. of solid 
(pH 6°8) add 0-85°, NaCl. Sterilize with a Seitz 
filter and store at 4° C. 


Extraction with Citric Acid and Phosphate Buffer.— 
As the extracting fluids mentioned so far have been 
either alkaline or neutral, one extract was made using a 
slightly acid solution of the following composition, 
0-2 M Na, HPO, 126°3 ml.; 0-1 M citric acid 73-7 ml. 
to which was added 1°% NaCl and 0-4°% phenol. Its 
reaction was pH 6-0. 

Remove the wax from 85 g. dust with petroleum ether. 
Extract with 200 ml. buffer at 4° C. for two days, shaking 
occasionally. Squeeze through muslin and re-extract 
similarly with 100 ml. buffer solution. Pool the 
extracts and centrifuge, clearing them completely. 
Dialyse for four days against Evans’ saline, renewing 
the saline daily. Sterilize with a Seitz filter. (The 
extract filters readily.) Store at 4° C. 
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The Chemical Examination of Extracts of Cotton 
Dust 


Three extracts, obtained by different methods 
from one sample of dust, were examined qualita- 
tively by a number of chemical tests. The results 
were very similar to those obtained by Rimington 
and others (1947) with extracts of house dust, 
although neither the source of the dust nor the 
method of extraction was the same. Further 
chemical studies of cotton dust will be reported in a 
later paper. 

Several of the more potent extracts were found 
not to contain histamine or histamine-like sub- 
stances. 


Skin Tests with Extracts of Cotton Dust 


The total number of persons tested was 291. All 
were observed for an early type of reaction and 
143 of them for a late reaction. 

The skin of the forearm was cleaned with alcohol 
and allowed to dry. Between 0-02 and 0-03 ml. of 
extract was injected into the superficial layers of 
the skin with a 26 gauge needle having a short 
bevel. Not more than four tests, with at least 
5 cm. between them, were made on one arm and in 
addition one injection of physiological saline was 
always included as a control. 

Reactions were read after 10 to 15 minutes, at 
intervals during the first hour, thereafter every 
two or three hours up to 12 hours, and finally at 
24 hours. The size of the reaction was recorded as 
the mean of the two diameters at right angles, 
measured in millimetres. 


Types of Reaction.—Two types of skin reaction, 
designated early and late, have occurred. Marked 
differences in the inherent reactivity of the skin of 
different individuals has been noted, resulting in 
differences in the size and intensity of each type of 
reaction, in response to the same concentration of 
extract. The reaction of different persons to the 
control injection of saline also varied. 


Early Reactions —A_ reaction was considered 
“* positive ” if there was a wheal (usually 5 mm. or 
more across) and erythema, with an overall diameter 
of 10 mm. or more. Within five to 10 minutes, 
occasionally even sooner, the pale papule raised by 
the injection enlarged, first as a flat pale wheal. 
The degree of pallor differed in different persons ; 
it was seldom white and tense or pseudopodial at 
the edges. It soon became pink, and was usually 
surrounded by erythema of varying extent and 
intensity (referred to as the “ flare”). The wheal 


was often 5-15 mm. and the whole reaction up to 
20 to 30 mm. or even more in diameter. 


The 
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edges of the wheal diffused and merged with the 
erythema. The reaction then had the appearance of 
a slightly thickened red central area merging into a 
paler erythematous periphery with no very clear 
demarcation between the two zones. The whole 
reaction gradually became fainter and smaller ; the 
periphery receded but the centre remained thickened 
and red. If no late reaction supervened the central 
part of the reaction also faded in a few hours. 
Variations in the intensity of reaction were 
noticeable in different persons with the same 
dilution of an extract or in the same person with 
different dilutions. The reactions varied in the 


- area and degree of redness and the amount of 


thickening. Individual differences in reactivity 
were also apparent in the threshold dilution of 
extract below which there was no reaction. In 
some, but not all, elderly people whose skin seemed 
somewhat atrophic there was a comparatively 
faint redness with little or no thickening, yet clearly 
a reaction 10 mm. or more across. 


Late Reactions.—The development of the late 
reaction could be followed most clearly when there 
was no early reaction preceding it. After the in- 
jection nothing was to be seen for three or four 
hours, the period varying somewhat in different 
persons. Then a small area of redness developed, 
gradually increasing in size, with a concurrent 
thickening of the central part, which, especially with 
stronger dilutions, was more intensely red than the 
outer zone, though with weaker dilutions there was 
no real demarcation bwtween them. The peak of 
the reaction as judged by size, thickening, and 
intensity of colour, was reached usually in 10 to 12 
hours; from then onwards it gradually faded. 
After 24 hours the reaction could often be detected 
by a faint redness which was sometimes nearly as 
large as at 12 hours. Thereafter, as a rule, it soon 
disappeared ; only in a few instances did it fade 
slowly and persist through the second day. A 
reaction of 5 mm. or more was regarded as positive. 

The time elapsing between the injection and the 
beginning of the reaction, as well as the size and 
intensity of the reaction produced, were affected by 
the strength of the solution injected. The end-point 
of dilution of extract beyond which no reaction 
occurred varied tenfold in different persons. 
Some elderly people with an atrophic skin had little 
if any thickening. No one reacted with unusual 
severity to moderate doses. Severe reactions were 
caused in two members of the staff by injecting 100 
times the strength of solution that would elicit a 
moderate reaction. Marked swelling and _ livid 
redness of the whole forearm occurred within three 


hours together with red streaks over lymph vessels, 
swollen and painful lymph nodes, and a rise in 
temperature. Prausnitz (1936) described a similar 
reaction in one person which he attributed to 
hypersensitivity brought on by a previous injection, 
but in the instances noted here there had been no 
previous injection, and moderate reactions were 
obtained with the usual doses. Sometimes a red 
streak in the skin over a lymphatic vessel of the 
upper forearm developed in test subjects showing 
three or four moderate reactions. 

In many persons the late reaction was super- 
imposed on an early reaction. Its character was not 
altered when this occurred but sometimes its 
beginning was not clearly marked because it was 
merged with the fading early reaction. 

The grounds for considering the early and late 
reactions as separate entities are (1) the difference 
in time of beginning ; (2) the different appearance 
of the reactions ; (3) the fact that the late reaction 
often occurred without a preceding early reaction. 


Control Reactions.—Physiological saline was 
included each time a person was tested. The very 
small pale papule raised by the injection sometimes 
disappeared in a few minutes without any reaction. 
More often the papule enlarged very slightly, 
became pink, occasionally surrounded with a very 
narrow ring of slight redness, and then faded. All 
these were minimal reactions, presumably due to 
the trauma of the injection, often less and rarely 
more than 3-5 mm. across; they usually disap- 
peared within 20 minutes and were regarded as 
negative. 

A control reaction of the early type was positive 
when there was a wheal (usually 5 mm. or more 
across) and flare with a total diameter of 10 mm. 
or more. It developed within five to 10 minutes, 
usually had a flat white spreading wheal, occasionally 
with pseudopodial borders, surrounded by a flare 
of erythema several millimetres wide with an 
irregular margin. The wheal became pink, the 
edges less well defined, and then the whole reaction 
began to fade until after 30 minutes it had almost 
disappeared, but might persist for an hour or two. 
Persons with a positive control were obviously more 
reactive than the usual person and they were 
excluded from the series although their reactions 
to dust extracts were often much larger than their 
control reactions. The control was positive in 14 
of 291 persons tested. Of these, 43 were tested on 
more than one occasion and their control reactions 
were consistent, with two exceptions which were 
negative the first time and positive three to four 
months later. 
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A late reaction sometimes developed in the 
control as a small red, slightly thickened area ; 
anything over 4 mm. as an arbitrary limit was 
regarded as positive and the accompanying reactions 
were not included in the results. This control 
reaction coincided in time of appearance, rate of 
development, and onset of fading with the late 
reaction after the injection of extract. Sometimes 
it occurred when there had been no early reaction ; 
in other cases it supervened after an early control 
reaction had faded and left a trace of thickening 
which then began to enlarge at about the same time 
as the late test reaction appeared. The control 
was positive in 15 of 143 persons tested. Of these 
27 were tested more than once. Two who had 
negative controls on the first occasion had reactions 
of 4 and 7 mm. three to four months later. The 
remainder were alike each time. 

A marked control reaction, 5 mm. or more in 
diameter, seemed to indicate a greater degree of 
reactivity of the skin, because in such persons the 
reactions to injections of extract were larger than 
usual and dilutions which were normally inactive 
elicited reactions. The cause of the late control 
reaction presumably differs from that of the early 
one, not merely on the basis of time but also 
because of the absence of flare. 


Categories Tested for Reactions to Cotton Dust 
Extracts 


Individuals tested for their reactions to intra- 
dermal injections of cotton dust extracts have been 
placed in the following categories according to 
their medical histories and occupations. 


Normal Persons.—These were persons with no 
history of allergy, who had never been employed in 
cotton mills. Some were patients in hospital. 


Allergic Persons.—Hypersensitive individuals, 
suffering from asthma, hay fever, or urticaria, were 
placed in this category. 


Advanced Byssinotics.—These were men having a 
long history of the complaint and in many cases 
receiving disability pensions. 


Early Byssinotics.—Workers having asthmatic 
symptoms on Monday and presumably in the early 
stages of the disease were thus classified. 


Unaffected Card-room (CR) ard Blowing-room 
(BR) Workers.—These were operatives working in 
the dust but without symptoms of byssinosis. 


Other Mill-workers.—Persons who were or had 
been employed in cotton mills but who had not 
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been in contact with the dust or only for a short 
period were included in this category. 

The numbers in each category, including those 
who had positive control reactions, were as follows. 


Number Tested 


and Observed Number Also 


Category Observed for 


for Early 
Late Reaction 
Normal persons 146 84 
Allergic persons - = 61 nil 
Advanced byssinotics 31 il 
Early byssinotics 16 i2 
CR and BR workers 21 20 
Other mill workers . . 16 16 
Total .. 291 143 


Results with Early Reactions 


The results of testing 10 extracts are summarized 
in Table 2. 

Three groups of people, normal, allergic, and 
advanced byssinotic, were tested with all the 
extracts, sometimes with two dilutions of an extract. 
On the whole, the incidence of reactors among 
advanced byssinotics, the normal, and _ allergic 
groups was similar. The %? test showed there was 
no statistically significant difference between the 
proportions of reactors in the various groups. 

Extracts Ill, IV, and V, which, judging by the 
number of reactors, seemed to be the most active, 
were used for testing three further groups, early 
byssinotics, unaffected card-room and blowing-room 
workers, and other workers in cotton mills not 
exposed to the dust. Each of these groups had a 
similar incidence of reactors, which was of the same 
order as the first three groups. 

Another approach in comparing byssinotics with 
others was to determine the threshold at which 
falling dilutions of extract ceased to cause reactions. 
Information on this point was obtained with 
extract III (Table 2). There was no indication that 
byssinotics were more reactive to higher dilutions. 
The one normal reactor to high dilutions is discussed 
in a later section. 

Thus the general conclusion can be made that 
the incidence of an early type of skin reaction 
following the intradermal injection of cotton dust 
extracts was similar in workers exposed to cotton 
dust, whether they were suffering from byssinosis or 
not, and in other groups of the adult urban popu- 
lation. There was no evidence of specific hyper- 
sensitivity to something in cotton dust peculiar to 
byssinosis. Specific generalized hypersensitivity is 
unlikely to be the cause of byssinosis. Whether 


the early type of skin reaction produced by these 
extracts was to be regarded as an indication of 
in a percentage of the whole 


hypersensitivity 
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TABLE 2 
INCIDENCE OF EARLY SKIN REACTIONS IN GROUPS INCLUDING NORMAL PERSONS AND BYSSINOTICS 


Extract iluti : Number Number Percentage 
Persons Tested Tested Positive Positive 
I 1/10 Normal 0 

Allergic 27 3 
Advanced byssinotic 0 
Allergic 5 4 wien 
Advanced byssinotic 11 1 91 
1/10 Normal 4 2 = 
Allergic 31 3 9-7 
Advanced byssinotic 17 2 11:8 
Allergic i 7 63-6 
Advanced byssinotic 30 13 43-3 
Early byssinotic is 5 33:3 
C.R. and B.R. workers* 19 9 47-4 
Other mill workers 13 6 46-2 
1/100 Normal 24 10 41-7 
Allergic 48 21 43-7 
Advanced byssinotic 19 2 10-5 
Early byssinotic 11 2 18:2 
C.R. and B.R. workers i 3 27-3 
Other mill workers 6 1 mate 
11,000 | Normal 24 3 12-5 
1, 10,000 Normal 15 1 67 
Advanced byssinotic 5 0 pee: 
Early byssinotic 7 0 | 
C.R. and B.R. workers y 0 _- 
Other mill workers 6 0 ~— 
1/ 100,000 Normal 15 1 67 
Allergic 13 6 46:2 
Advanced byssinotic. 28 10 35-7 
Early byssinotic : 15 5 33-3 
C.R. and B.R. workers 18 7 38-9 
Other mill workers 12 5 41-7 
1/100 Normal 6 2 wane 
Allergic 37 12 32:4 
Advanced byssinotic 17 1 5-9 
Allergic 15 9 60-0 
Advanced byssinotic 30 x 26-7 
Early byssinotic 7 15 6 40-0 
C. R. and B.R. workers 19 6 31-6 
Other mill workers 12 5 417 
Allergic 6 5 
Advanced byssinotic. 5 2 
Allergic 6 5 
Advanced byssinotic 5 4 rae 
Allergic ‘ 14 7 50-0 
Advanced byssinotic 11 3 27-3 
Allergic 12 3 25-0 
Advanced byssinotic 5 2 
Advanced byssinotic 15 4 26:7 
Early byssinotic 15 3 20-0 
C.R. and B.R. workers 19 1 $-3 
Other mill workers 12 3 25-0 


*C.R. and B.R. workers = unaffected card-room and blowing-room workers. 


population or was due to some toxic action of the 
extract at the site of injection will be considered 
later. 


All extracts produced reactions (Table 2) but 
some extracts were stronger than others, judged by 
the percentage of reactors in relation to the dilution 
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of the extract injected. Comparing extracts ob- 
tained from one sample of dust by four methods of 
extraction it is seen that extracts I and II obtained 
by the method of Prausnitz and its simplification 
respectively, were weaker than those, III and IV, 
obtained by the New York and Rimington methods. 
However with another sample of dust the Prausnitz 
method gave a strong extract, VII, about equal in 
potency to the Rimington extract, VIII. It is 
probably unwarranted to draw firm conclusions 
about the relative efficiency of the different methods 
used for extraction. All of them appear to be 
able to extract the substance responsible for eliciting 
the early reaction. The fact that extract IX, 
obtained by Morgan’s method for extracting 
bacterial antigens, was effective, is of interest. 

It was possible also to compare extracts II-IX 
by noting the incidence of reactors when several 
extracts were tested on each person of a series 
(Table 3). All the extracts caused reactions, but 
they differed in potency. The data suggested that 
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Extract X (Table 2) was tested when freshly 
prepared for comparison with extracts I-IX which 
had been stored at 4° C. for periods up to 18 months. 
There was nothing in the results to suggest that 
storage had affected the extracts as regards their 
property of causing early reactions. 


Results with Late Reactions 


Five groups of people were tested, including 
normal controls, byssinotics, and unaffected workers 
in cotton mills (Table 4). An allergic group was 
omitted because it was not feasible to follow the 
reactions in out-patients for 12 to 24 hours. All 
groups reacted similarly. With a 1/10 dilution of 
extracts III, IV, and V over 90°, of people had a 
reaction of 5 mm. or larger, mostly over 10 mm. 
These extracts were similar in potency although 
two samples of dust and two methods of extraction 
were used in making them (Table 1). 

Tenfold dilutions of extract III were tested to 


TABLE 3 
COMPARISON OF ABILITY OF EXTRACTS TO ELICIT EARLY REACTIONS ON THE SAME PERSON 


Extract and Dilution 


Undiluted 1/10 1/10 1/10 1/10 1/10 1/10 1/10 1,10 
Cc 36 9. 31 . 30 7 24 18 28 5 14 | 0.0 
D tr 11 23 0.8 6.6 0. 6 
E 0.0 0.0 7. 22 0.0 19 0.0 
F 13 0 . 24 Ww 25 25 14 35 II 33 9 . 2 22 0.6 
G 6 20 6.6 7 28 5 5 6.6 
H 0. 12 32 5 5 5 5 -— 9 . 26 0.0 7 25 eS .@ 
0.0 5 35 6. 35 6 22 _ 7 30 6 6 28 0.0 
K 0.90 0.0 0.0 6.14 0 0.0 
L 7 13 7 . 8 0.0 5. 16 0.0 
A-—F were advanced byssinotics, G~L were normal persons. 
* 5. 30 = wheal of 5 mm. whole reaction 30 mm. The difference represents the width of the flare. 0 . 0 = no reaction. not tested. 


Positive reactions shown in italics. 


the differences were quantitative rather than 
qualitative but there was no direct evidence on this 
point. The extracts were, of course, far from pure. 
Extracts Ill, IV, V, and VII were shown again to 
cause more reactions than extract II (cf. Table 2). 

On the basis of wheal size alone, an analysis of 
variance applied to the results given in Table 3 
(omitting extracts II and VI) showed no significant 
difference between extracts or between byssinotics 
and normals ; the interaction between those groups 
and the extracts was not significant. 


determine its threshold in eliciting a late reaction in 
byssinotics and others (Table 5). With falling 
dilutions the size of the reactions and the incidence 
of reactors decreased but the limiting dilution was 
not sharp owing to differences in individual reac- 
tivity. The threshold was about the same in 
byssinotics, unaffected cotton mill workers, and 
normal persons. 

Extract III] which had been stored for some 
months was compared with freshly prepared 
extract X, both diluted 1/100, in eight normal 
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TABLE 4 
INCIDENCE OF LATE REACTIONS IN NORMAL PERSONS AND COTTON OPERATIVES 


| | 


Diameter of Reaction 


Extract — Group Member >10 mm 9-5 mm. <5 mm. No reaction 
| | Tested No. % No. % No. % No. % 
1 | 1/10 | Normal .. = i. 31 22 71 7 22-6 2 64 —_— — 
Advanced byssinotic 10 9 90 1 10 caren 
Early byssinotic. . 8 88-9 1 11-1 
Other mill workers 12 9 75 3 25 — — 
IV. 1/10 | Normal .. ae: 25 1S | 65-2 5 nz {| 3 8-7 1 43 
C.R. and B.R. workers. 18 1s 83-3 3 16-6 
Other mill workers 12 8 66:6 33-3 
Vv 1/10 | Normal .. 23 16 69-6 4 17-4 3 
Early byssinotic. . 9 9 100 — — 
C.R. and B.R. workers 19 18 94-7 1 $-3 — 
Other mill workers why 12 il 91-6 1 83 — 
x 1/1,000 Normal .. ai = 23 x 34:8 4 17-4 3 13 x | 348 
| Advanced byssinotic .. mm 10 4 40 3 30 — _ 3 | 30 
| Early byssinotic. . 4 es ) 1 11-1 4 44-4 — — | 4 | 44-4 
| C.R. and B.R. workers. 19 6 31-6 11 57:9 1 1 | $2 
| Other mill workers 12 1 83 10 83-3 1 8-3 | — 
*C.R. and B.R. workers = unaffected workers in card-room and blowing-room, 
persons. They elicited similar reactions. Storage Significance of the Results of Skin Tests 


had not therefore affected the ability of the extract 
to cause the late type of reaction. 

There was nothing in the character of the late 
reaction to indicate the mechanism of its production, 
but the fact that 90°,, or more of normal persons 
reacted strongly supported the view that it was not 
due to hypersensitivity ; it seemed to be, therefore, 
an indication of the presence of some toxic substance 
in the extracts. The grounds for believing that 
the substances causing the early and late reactions 
may be different have already been stated. 


The main point to try to decide is whether the 
results recorded here do or do not indicate an 
element of sensitization in byssinosis. 

One point, at least, is clear: there is no evidence 
of a sensitization which is peculiar to byssinosis. 
All groups of people reacted similarly, either with 
reference to the early or the late type of reaction, 
and in this respect byssinotics did not differ from 
other groups in the population. 

Reasons have been given for considering that the 
late type of reaction is not due to sensitization. 


TABLE 5 
RESULTS OF SKIN TESTS WITH TENFOLD DILUTIONS OF EXTRACT III COMPARING THRESHOLDS IN ELICITING LATE 
REACTIONS IN BYSSINOTICS AND OTHERS 


Number and Diameter of 


Number 
Dilution Group —_— Reactions with No 
>10 mm. 9-5 mm. <Smm. | Reaction 
1/10 Normal .. 31 22 7 | 2 _ 
1/100 Normal .. 23 20 3 ae [= 
1/1,000 Normal .. 23 12 7 2 2 
1/10,000- Normal .. 15 2 3 5 5 
1/100,000 Normal .. 1s jn a 3 12 
1/100 | Advanced byssinotic 2 2 one 
| Early byssinotic 6 5 1 | — om 
C.R. and B.R. workers* 7 7 
1/ 10,000 | Advanced byssinotic 2 2 
Early byssinotic 6 2 1 3 
| C.R. and B.R. workers 7 1 2 -- 4 


*C.R. and B.R. workers = unaffected workers in card-room and blowing-room. 
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The significance that should be attached to the 
early reaction is much more difficult to decide. The 
reaction could be due to hypersensitivity, and if it 
is, then as determined by the technique described, 
about 30°, of the adult urban population are 
hypersensitive to something in cotton dust extracts. 
On the other hand the reaction could be due to a 
direct toxic action on the tissues, and whether a 
person reacted or not would depend on the level of 
reactivity inherent in his tissues apart from any 
factor of specific sensitization or question of 
allergy. Again, since the extracts are far from 
pure, both an allergic factor and a toxic factor could 
be involved in .the reaction. To differentiate 
between these possibilities is the problem. 

The results reported here differ from those of 
Prausnitz (1936) in the incidence of early reactors 
found in the byssinotic and control groups. He 
tested smaller numbers of people but concluded 
that he had demonstrated hypersensitivity specific 
to byssinosis because nearly all byssinotics reacted 
and only one-third of control groups. The signifi- 
cance of this number of reactors in non-byssinotics 
was not discussed. He also transferred hyper- 
sensitivity passively to the skin of non-reactors. 
The detailed appearances and time of reaction were 
said to be peculiar to reactions obtained with 
cotton dust extract. It is impossible to determine 
whether the extracts used by us were the same as 
the one he used. They were, however, made from 
several samples of dust, by several recognized 
methods for extracting allergens, including one 
based on that of Prausnitz, and all the products 
were similar in causing skin reactions. The 
probability is that not all these extracts would have 
missed an allergen had it been present. 

Prausnitz did not mention any reactions caused 
by control injections although his dose was 0-1 ml. 
of 0-5°,, phenol-saline. Controls were said to be 
negative. Undoubtedly control reactions do occur, 
as discussed in an earlier section, and should be 
fully considered if results of tests are to be assessed 
critically. 
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Results with Prick Tests 


In testing for allergy a prick test is often preferred 
to intradermal injection in order to reduce trauma 
toa minimum. Comparisons were made, therefore, 
in the same persons of the reactions produced by a 
prick test with extract III undiluted and by intra- 
dermal injection of 0-02 ml. of a 1/100 dilution. 
For the prick test a needle protruding from a rubber 
bung was pressed into the skin through a drop of 
extract. The amount of extract given intrader- 
mally was about 70 times the amount estimated by 
Squire (1950) to be introduced into the skin by a 
prick test. Only highly reactive persons would be 
expected to respond to a prick test, and any who 
did react might be specially considered as possibly 
allergic subjects. 


Early Reactions in Normal Persons.—The saline 
control was negative in all cases with the prick test 
(a wheal of not more than | mm. was regarded as 
negative) but in one subject the intradermal control 
was positive and this test was excluded. Only 
8:5°,, of the prick tests were positive compared 
with 41°, of intradermal tests (Table 6). The 
question arises, Does the difference in results with 
these two tests indicate a qualitative or only a 
quantitative difference in the reactivity of an 
individual ? Similarly in the case of the normal 
person who reacted to an intradermal injection of 
1/100,000 extract III (Table 2), Was he qualita- 
tively or only quantitatively different from the other 
14 who were tested and did not react? In other 
words, Were the few who reacted to the prick test 
and to high dilutions by the intradermal test to be 
regarded as hypersensitive and all the others who 
reacted to the intradermal test as not hypersensitive, 
or were all the reactors hypersensitive and some 
much more so than others, assuming that the early 
reaction does in fact indicate hypersensitivity ? 


Early Reactions in Cotton Workers.—A number 
of workers exposed to cotton dust, some of them 
with symptoms of byssinosis, were tested by the 
prick test with 0-1°, histamine and extract X 


TABLE 6 
COMPARISON OF THE ACTIVITY OF EXTRACT X IN NORMALS WITH PRICK AND INTRADERMAL TESTS 


Early Reactions 


Late Reactions 


Method Dilution Size of Reaction (mm.) 
No. No. Percentage Tested 19-15 | 14-10 9-5 | <S 
Tested Positive Positive (no.) (no.) | (no.) | (no.) (no.) 
Prick* Undiluted | 35 3 ss7 | 16 | 5 6 


*Any early reaction having a wheal of | mm. or less was considered negative for the prick test. 
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undiluted. The object was to determine whether 
those who reacted to extract were more sensitive 
than normal to histamine. In 51 persons tested 
all the saline controls were negative. Two failed 
to react either to extract or histamine. The 
remaining 49 all reacted to histamine of whom three 
reacted to extract; the details of their reactions 
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gations should demonstrate that the wheal and 
flare type of reaction to cotton dust extracts is a 
true allergic response it would appear to have little 
importance in the genesis of byssinosis. 

Chemical tests made on cotton dust extracts 
suggest a relationship between them and house dust 
extracts and it is relevant that house dust extracts 


follow. cause a wheal and flare type of skin reaction which 
Prick Test with Earlier Intradermal Test with 
C: Histamine Extract X Extract 
Dilution Reaction Dilution Reaction 
1/10 wid £B3 
2 w4 E16 Undiluted w4 EI9 
1/100 Nil 
3 E14 Undiluted Ww2 B3 1/1000 wes E27 
* W3-5 E14 = wheal 3.5 mm., erythema 14 mm. in diameter. 


In all those who reacted to histamine the mean 
diameter of the wheal was 3-5 mm. and of the ery- 
thema 18 mm. In another group of 20 students 
the figures were 4-5 and 20 mm. This agrees well 
with the sizes of the histamine wheal! recorded by 
Squire (1950) in his Table Ill for normal persons 
and in his Table V for two asthmatics. In both 
series there was little individual variation. It may 
be concluded therefore that the three persons who 
were much more reactive to extract than the 
majority were not more sensitive to histamine. All 
three had symptoms of byssinosis but there were 
17 byssinotics who did not react. There was no 
correlation between reaction to extract by the 
prick test and symptoms of byssinosis. Normal 
persons reacted equally with symptomless workers 
and byssinotics. 


Late Reactions.—The prick test with undiluted 
extract X caused some late reactions, but fewer and 
smalier than after the intradermal injection of 
0-02 mi. of 1/100 dilution (Table 6). The prick 
test merely stressed that the incidence and size of 
the late reaction is related to the amount of extract 
introduced into the skin. 


Comment 


The conclusion to be drawn from all the results is 
that the skin testing of byssinotic persons with 
cotton dust extracts fails to distinguish them from 
their symptomless fellow workers, and similarly 
card-room workers as a group are not differentiated 
from the rest of the population. Reactors are 
distributed equally between the affected and the 
unaffected groups so that even if further investi- 


is considered to denote a specific allergy (Rimington 
and Maunsell, 1950). It may be that there is a 
similar allergen in cotton dust and house dust. 

The fact that a few persons are highly reactive to 
cotton dust extracts, either by the prick test or 
following intradermal injection of high dilutions, 
although they react normally to histamine, might be 
regarded as an indication of hypersensitivity to an 
allergen in the cotton dust extract. These reactors 
occur, however, in normal persons who have no 
allergic manifestations and who have never been 
exposed to cotton dust. Supplementary evidence is 
necessary to settle the question as to the essential 
nature of these reactions, such as might be obtained 
from attempts to demonstrate antibody in the serum 
of reactors by passive transfer of reactivity to 
human or animal tissue, by serological tests for the 
demonstration of antibody, by sensitizing animals 
with extracts, or by tests for toxicity. It is necessary 
to determine also whether the few who react to the 
prick test differ essentially in the mechanism of 
their reaction from the larger number who react to 
an intradermal injection and who likewise have no 
allergic symptoms and have never been exposed to 
cotton dust. Investigations of these and related 
problems are proceeding. 

The late reaction produced in more than 90°, of 
persons by the intradermal inoculation of 0-002 mg. 
of dried extract, and in some by the small amount 
introduced by pricking the skin, is almost certainly 
a direct toxic effect on the tissues. The incidence 
and intensity of the reaction is related to the amount 
and the strength of the extract injected. It is 
clearly desirable to separate this toxic substance and 
study its direct effect on tissue as a factor in the 
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causation of byssinosis. The source of the sub- 
stances in dust which are responsible for both the 
early and the late reaction also requires elucidation. 


Summary 


Ten extracts have been made from four samples 
of cotton dust using seven extractive methods 
including standard methods for the extraction of 
allergens and bacterial antigens. 

All the extracts were used for skin tests and were 
similar in causing two types of reaction, an early 
reaction of wheal and flare and a late reaction, 
maximal in about 12 hours, of redness and indura- 
tion. Extracts varied somewhat in potency. Several 
groups of persons, 291 in all, were compared, 
including early and advanced byssinotics, unaffected 
workers in the card-room and blowing-room, other 
mill-workers not exposed to cotton dust, allergic 
persons not associated with cotton mills, and 
persons with no history of allergy likewise never 
exposed to cotton dust. The incidence of reactors 
in all these groups was similar. 

About 90°, had a late reaction, which is con- 
sidered to be due to the direct action on the tissues 
of a toxic substance extracted from the dust. 

About 30 to 40°, had an early reaction following 
intradermal injection of a suitable dilution of 
extract. A small percentage reacted to intradermal 
injection of high dilutions or to the prick test. 
This reaction may indicate hypersensitivity to 
something in cotton dust, but that is not certain 
and further work is required to establish its signifi- 
cance. It is clear however that the reaction does 
not indicate hypersensitivity specific to byssinosis 
since reactors occurred equally in all groups of the 


adult urban population. Specific generalized hyper- 
sensitivity is unlikely to be the cause of byssinosis. 
A possible relationship between cotton dust and 
house dust is suggested by the chemical properties 
of the respective extracts and the skin reactions they 
produce. 
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RHEUMATISM IN MINERS 
PART II: X-RAY STUDY 


BY 


J. H. KELLGREN and J. S. LAWRENCE 


From the Walkden Miners’ Clinic and the Rheumatism Research Centre, Manchester University 


(RECEIVED FOR PUBLICATION JANUARY 8, 1952) 


In a field survey of rheumatic complaints Law- 
rence and Aitken-Swan (1952) found that coal 
miners suffered more disability from pain in the 
back sciatic distribution and in the knees than the 
surrounding general population, and from the 
limited examination possible in the field it appeared 
that these disabilities were due to disc degeneration, 
osteo-arthritis, and rheumatic disorders of un- 
determined nature. To investigate this more fully 
it was decided to carry out a detailed clinical study 
and a radiological survey of small but carefully 
selected groups of coal miners and other workers 
from the populations covered most comprehensively 
by the field survey : that is to say, the underground 
workers at Bedford Colliery and the employees of 
the engineering yard and the administrative 
offices at Walkden. 

The study was confined to males in the fifth 
decade. This age group was chosen as most 
likely to show the effects of occupation upon the 
incidence and severity of degenerative joint changes, 
since at this age these changes begin to be radio- 
logically demonstrable in a proportion of the 
general population. Consideration of the numbers 
available between the ages of 40 and 50 showed 
that there were 47 office workers (clerks and admini- 
strative staff), 89 manual workers (blacksmiths, 
machinists, carpenters, painters, and _ general 
labourers), and 259 miners. We decided to study 
all 47 office workers together with an equal number 
of manual workers, thus making a composite group 
of 94 non-miners who had never been underground, 
and to compare these with 94 underground workers. 
All manual and underground workers in_ the 
appropriate age group were therefore numbered 
consecutively and the samples for study were 
abstracted by random sampling of numbers. To 
avoid error due to increasing observer experience 
each of the three groups of workers was evenly 
distributed throughout the study ; thus five office 


workers were seen at one session, five manual 
workers at the next, and five miners at the third 
and fourth, and so in sequence thereafter. This 
also secured complete impartiality on the part of 
those reading the radiographs to whom the order 
of calling was unknown. 

In spite of difficulties due to the long distance 
some of the miners had to travel to the clinic, there 
were only nine refusals amongst the miners and 
five amongst the non-miners. From the field 
survey it was known that three of the miners and 
two of the non-miners who refused had in fact 
suffered from rheumatic complaints so that these 
refusals did not appear to be associated with the 
presence or absence of complaints. In addition a 
number of men had left their employment and 
could not be traced, so that the groups finally 
studied were 84 miners, 45 manual workers, and 42 
office workers. In addition 24 men who had 
worked both underground and on the surface were 
investigated, and the findings in these men have 
been included in those tables which do not deal 
with comparisons between miners, manual, and 
office workers. 


Method of Examination 


A detailed history was taken of both rheumatic 
and other symptoms and of past and family ill- 
nesses. Then a routine general clinical examination 
was carried out, a note being made of all deviations 
from the normal regardless of whether or not they 
were causing disability. Particular attention was 
naturally paid to the limb joints and the spine. In 
addition, height, stem height (from the seat to the 
top of the head in a sitting position), and body 
weight were recorded. The x-ray examination 
included lateral views of the cervical and lumbar 
spine in both flexion and extension, an antero- 
posterior view of the lumbar spine, and a lateral 
cone picture of the lumbo-sacral junction. In 
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addition A.P. and lateral views of the right knee 
and an A.P. view of the right hand were taken, 
together with any other joints that the clinical 
examination suggested were abnormal. 

A rough clinical assessment of the mental health 
was made in three grades and each man was also 
subjected to a series of psychometric tests designed 
to assess emotional stability 


Results of Clinical Examination 


Rather more rheumatic complaints were noted in 
the clinic study than in the field survey which had 
been carried out two years previously. The 
additional complaints consisted of 11 conditions 
which had appeared since the survey, and 15 old 
complaints which had not previously been mentioned. 
On the other hand only one man failed to mention 
a previously recorded complaint. Other symptoms, 
such as dyspepsia, headache, cough, dyspnoea, 
were less frequent than rheumatic complaints but 
the men knew that the study was mainly one of 
rheumatic disorders. Apart from rheumatic com- 
plaints there was little difference between the 
symptoms found in the three groups except that a 
complaint of cough was made by 23 miners as 
against only one manual worker and four office 
workers. 

Examination of the spine and limbs revealed 
many minor deviations from the normal such as 
slight deformity, more or less painful limitation of 
movement, joint crepitus, and small synovial 
effusions. The significance of many of these 
findings was difficult to assess, and we will therefore 
only mention some of them briefly. At the time of 
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present in six men, all of whom were miners ; some 
abnormality of the knees was found in a further 
35 men, but in only six miners, three manual 
workers, and one office worker were these of suffi- 
cient severity to warrant a clinical diagnosis of 
arthritis. Signs of arthritis of the hip were found 
in only three men, all of whom were miners. 
Limitation of movement at the elbow was found in 
15 men, of whom 12 were miners, and in five of 
these miners the signs were severe enough to 
warrant a clinical diagnosis of arthritis. On the 
other hand signs in the shoulders, such as painful 
limitation of movement or a painful arc in abduc- 
tion, were noted in only ten men and only four of 
these were miners, three being office workers and 
three manual workers ; limitation of movement at 
the wrist was noted in only nine men, of whom four 
were manual workers, two office workers, and only 
three were miners. Altogether signs in the lumbar 
spine and knees, hips, and elbows were found 
predominantly in the miners, but signs in the 
wrists and shoulders were, if anything, more 
common in the other groups. The general medical 
examination did not reveal any striking differences 
between the three groups studied, but minor signs 
in the lungs were found in ten miners as opposed to 
one manual and four office workers, and psycho- 
genic disorders were noted in ten miners, but only 
in two manual and three office workers. 


Reading of Radiographs 


When reading the films the findings were recorded 
in a standard manner upon a specially designed 
form, as shown below :— 


Bone 
Name Texture | affected! Sev- Spac- __Lip- 
Dises erity ing ping 

Cervical 4 4 

Lumbar 3 2 0 3 


Spine 
Scler- Ero- Move- Cong. Hand Knee Others 
osis sion ment re Changes 
4 4 2 0 0 ist O.A. ° 
3 3 I+ 0 | © | Grade! 


examination 11 men had a painful disability of the 
back and amongst these there was only one manual 
and one office worker, the remainder being miners. 
A more common finding in the back was a loss of 
lumbar lordosis together with painless limitation of 
extension. This was found in 33 miners, nine 
manual and nine office workers, but limitation of 
straight leg raising was only noted in eight men, of 
whom five were miners. Symptoms and signs 
suggesting internal derangement of the knee were 


* These included a persistence test, a finger dexterity test, a 
medical questionnaire, a word connexion test, and an annoyances 
inventory. 


Cervical and lumbar disc changes were graded 
according to the number of discs affected and the 
severity of the changes. The severity was assessed 
originally in one of five grades, (0) no abnormality 
detected, (1) doubtful changes, (2) minimal, (3) 
moderate, and (4) severe. In the text the doubtful 
and minimal grades have been grouped together as 
* slight *’, and the moderate and severe as “* severe ”’. 
Samples of these grades are shown in Figs. | to 4. 
Individual changes, such as disc spacing and 
lipping, were assessed only according to the number 
of discs affected. A disc was considered to be 
narrowed if it was out of sequence with those above 
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and below. The term “erosion” was used to 
denote a “ rubbed off’ appearance at the anterior 
or lateral margins of the vertebral plates. Move- 
ments were assessed as either diminished, increased, 
or normal ; this was done by comparison with the 
discs above and below. In certain of those with 
increased movement a qualitative difference was 
noted, the movement being of a gliding character. 
Congenital changes noted included unilateral 
sacralization of the fifth lumbar vertebra, tropism 
(asymmetry of orientation of the articular facets), 
spina bifida, and spondylolisthesis. Spondylolysis 
as such was not observed in this series but special 
views to demonstrate it were not taken. 

In the hands comparison of bone density was 
made with the help of a standard finger.* Changes 
in bone structure were also noted and osteoarthritic 
changes graded in five categories as in the case of 
the spine. In the knees similarly osteo-arthritis, if 
present, was placed into one of five grades (Figs. 5 
and 6). In a proportion of the radiographs ossifi- 
cation was found in the quadriceps insertion at the 
upper border of the patella (Fig. 7). Other 
abnormalities such as old fracture, bone disease, and 
deformities were also noted. 

2 All films were read by four observers and many 

ne ee Fic. 1 ae j films were read two or three times on different 
1G. 1.—Lateral radiograph of lumbar spine showing signs of slight 

disc degeneration. occasions. The variations of interpretation between 

different observers are given in the appendix, and a 

more detailed analysis is in progress, but variation in 

interpretation of the films does not appear to be a 


* This was prepared by Dr. J. G. Ball at the Rheumatism Research 
Unit of Manchester University. 


Fic. 2A 
Fic. 2a.—Lumbar spine showing signs of severe degeneration of 
many discs. 


Fic. 28.—Severe degeneration at lumbo-sacral disc. 
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serious source of error in this field, and we have 
therefore selected the results of the first reading of 
the films by the most senior observer (J.H.K.) for 
analysis in this paper. 


Radiological Findings 

The changes considered under disc degeneration 
are those defined by Friberg and Hirsch (1949) 
and Schmorl and Junghanns (1951). In_ this 
condition the affected disc is narrowed and the 
adjacent vertebral plates are sclerosed. Movement 
at the disc is generally diminished though at an 
early stage it may be increased and of an abnormal 
gliding character. In addition there is usually 
some anterior or lateral erosion of the margins of 
the vertebral plates and a varying degree of osteo- 
phyte formation. A comparison of the incidence 
of these disc changes and of osteo-arthritis in our 
three groups of workers is shown in Fig. 8, from 
which it will be seen that radiological signs of disc 
degeneration and osteo-arthritis were found most 
frequently amongst the miners and least frequently 
among the office workers, the incidence amongst 
the manual workers being intermediate. Only 
some of these apparent differences are statistically 
significant and these will now be considered in 
detail. (The y? test was used to determine the 
probability that a difference such as was observed 
could have arisen by chance and if in fact there was 
no real difference between the two groups compared.) 

From a study of Table | it is clear that radiological 
signs of disc degeneration in the lumbar spine were 
found predominantly amongst the miners. Thus if 
we consider the number of workers with no disc 


Fic. 4 


Fic. 3 
Fic. 3.—Slight degeneration of disc between C.6 and 7. 
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degeneration there is a 
highly significant difference 
between the miners and 
manual workers (P< 1-001), 
but there is no significant 
difference between the 
manual and office workers 
(P>0-1). If we consider 
the number of workers 
showing severe changes the 
difference between miners 
and manual workers is also 
significant (0-05>P>0-02) 
while the difference between 
manual and office workers 


Fic. 4.—Severe disc degeneration in 
cervical spine. Radiographs taken 
in flexion and extension to show 
loss of movement between C.6 and 
7 and increased movement be- 
tween C.5 and 6. 
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Fic. 5a Fic. 5B 
Fics. 5a and Ss.—Antero-posterior and lateral radiographs of knee 
showing signs of slight osteo-arthritis. 


is not (P>0-2). If we consider the number of workers 
with three or more discs affected there is also a 
significant difference between the miners and 
manual workers (P=0-05) but the difference 
between manual and office workers is not significant 
(P=0-25). These differences are striking and 
suggest that the increased disc degeneration found 
in the lumbar spine of the miner is associated with 
something peculiar to the occupation of mining 
rather than with the manual work, which is common 
to both the engineering yard and the mine. 

The incidence of osteo-arthritis of the knees is 
shown in Table 2. Although the differences 
between the number of miners and manual workers 
showing no abnormality is not statistically signi- 
ficant (0-17>P>0-05) it is interesting to note that 
five of the six men showing severe changes were 
miners, and there is a general trend in favour of 
osteo-arthritis amongst the miners. The incidence 
of ossification in the quadriceps insertion is shown 
in Table 3. The abnormality was not found 
quite equally in all three groups but the differences 
are no more than might be due to chance. 

The incidence of disc degeneration in the cervical 
spine is set out in Table 4 which shows that in this 
portion of the spine degenerative changes were 
found equally in the three groups studied. Further- 
more the changes in this region are similar in 
severity and incidence to the changes found in the 
lumbar spine in the office and manual workers, 
so that it is only in the lumbar spine of the miner 


FiG. 6A Fic. 6B. 


Fics. 6a and 68..—Antero-posterior and lateral radiographs of knee 
showing signs of severe osteo-arthritis. 


Fic. 7 


Fic. 7.—Lateral radiograph of knee showing ossification in quad- 
riceps insertion, 
that a significant increase in disc degeneration was 
found. 
Osteo-arthritic changes in the hands were neither 
severe nor frequent and consisted mostly of minimal 
changes in the first carpo-metacarpal or wrist 


TABLE | 
LUMBAR DISC DEGENERATION 


Total 
Occupation 
Manual workers 45 19 42% 18 
Office workers 42 28 67% ii 26° 


No. of Dises Affected 


Severe iets 1 2 3 4 | ‘5 
& 18% 8 7 9 1 i 
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Type of Worker Miners (J Manual (Walkden Yara) QI] Sedentary (N.C.B. Offices) M1 


% Lumbar Spine Knees Hands 


8 


8 & 


Proportion of Workers 


i=) 


L 
None Shght Severe None Slight Severe None Slight Severe None Slight Severe 


Degree of Radiological Change 


Fic. 8.—Incidence of osteo-arthritis and disc degeneration. 


TABLE 2 
OSTEO-ARTHRITIS OF KNEES 


Total Severity (Grading) 
Oscupation | Workers "None [Sight | Severe 
Mines .. ..| | 45 |34%| 34 |40%| | 6% 
Manual workers 45 38 | 78% 9 2% 
Office workers .. 42 32 | 76% | 10 0 | 0% 
TABLE 3 
INCIDENCE OF QUADRICEPS BONE 
Occupation Total 
Manual! workers 45 10 22% 
Office workers . . - 42 6 14°, 


joints. Their incidence is set out in Table 5, which 
shows that they occurred fairly equally amongst the 
miners and manual workers but were virtually 
absent in the office workers. These changes may 
therefore be associated with manual work. 

Of the other joints radiographed because they 
showed clinical signs of arthritis, there were five 
elbows, all of which showed osteo-arthritic changes, 


and two hips showing slight and 
severe osteo-arthritis respective- 
ly, and all these were in miners. 
In addition seven shoulders 
showed slight osteo-arthritis. 
Four of these were in miners, 
two in manual, and one in office 
ma workers, and osteo-arthritis of 
the feet was found in four miners 
and two office workers. 
Congenital abnormalities were 


only noted in the lumbar spine, 
the number of workers affected 
[| being as follows: tropism,18 ; 


Cervical Spine 


sacralization, six; spondylo- 
listhesis, five ; spina bifida, six; 
and scoliosis three. These ab- 
normalities were distributed 
evenly throughout the three 
groups, and there was no 
significant association between any of these changes 
and a complaint of pain in the low back-sciatic 
distribution. 

Radiological signs of old fractures were noted 
in 11 workers of v.\om eight were miners. Of 
these three were un-united fractures of the scaphoid 
and one of a tibial condyle, the remaining seven 
being single wedge-shaped vertebrae suggesting 
old crush fractures, but as only two of these seven 
men gave a history of injury to the back this inter- 
pretation may not have been correct. 

The only bone disease noted was Paget’s disease 
of the spine or pelvis. This was found in three men 
and was not associated with pain. 


Association of X-ray Changes with Symptoms 
and Signs 

The field survey (Lawrence and Aitken-Swan, 
1952) showed that coal miners suffer more disa- 
bility from pain in the lumbar-sciatic distribution 
and in the knees than many other workers, and the 
x-ray study shows that lumbar disc degeneration is 
much more prevalent among miners than among 
manual or office workers, and that miners may also 
have more osteo-arthritis in the knees, and it now 


TABLE 4 
CERVICAL DISC DEGENERATION 


Total Severity (Grading) No. of Discs Aifected 
Miners 84 » | | | | | | 2 | 88 
} 
Manual workers 45 26 58% 24% x 18% 10 | 6 3 0 
Office workers 42 | | 62% 19% 8 19% 
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TABLE 5 
OSTEO-ARTHRITIS OF HANDS 


Oc , Total Severity (Grading) 

None Slight Severe 
Miners 84 70 83% 11 13%) 3 | 4%. 
Manual’ workers 45 40 89% 4 9% 1 2% 
Office workers .. 42 41 (98%; 1 2%: 0 | 0% 


remains to be seen whether there is any association 
between these x-ray changes and the appropriate 
symptoms. For this purpose the findings in the 24 
miscellaneous workers who had at some time worked 
underground have been included since no comparison 
is being made between different occupational groups. 

In Table 6 the radiological changes of disc 
degeneration in the lumbar spine are compared with 


TABLE 6 
RELATIONSHIP OF LUMBAR DISC DEGENERATION 
(RADIOLOGICAL) TO SYMPTOMS AND PHYSICAL SIGNS 


X-ray Changes 


None Slight Severe 


Total workers 80 52 
Workers with pain, lumbar- 


sciatic 18 (28% 26 (32%) 29 (56°,,) 
Workers with limited extension 
11 (16%) | 33 (41%) | 27 (52%) 


of lumbar spine 
Workers with limited straight 
ate a2 5 (8%) 2 (2%) 1 (2%) 


leg raising 


*Percentages represent proportion of all workers with same degree 
of x-ray change. The 24 miscellaneous workers have been included 
in Tables 6, 7, and 8. 


a complaint of pain in the lumbar-sciatic distri- 
bution during the past five years, and with certain 
physical findings such as limitation of extension of 
the lumbar spine and limitation of straight leg 
raising. It will be seen that the number of workers 
with lumbar-sciatic pain in the various x-ray 
gradings is significantly different from the expected 
number, assuming an even distribution in the various 
x-ray gradings (0-02>P>0-01). Thus there is 
a clear association between the x-ray changes of disc 
degeneration and lumbar-sciatic pain. There is also 
a similar association between limitation of extension 
of the lumbar spine and x-ray changes (P<0-01). 
Thus the more advanced stages of lumbar disc 
degeneration which can be appreciated radiologically 
appear to be associated with more attacks of pain 
in the lumbar-sciatic distribution and with more 
frequent limitation of extension in the lumbar 
spine. On the other hand the limitation of straight 
leg raising, which is commonly associated with 
disc prolapse, does not appear to be specially 
associated with radiological changes in the lumbar 
spine, and this is in keeping with general clinical 
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experience. It is interesting to note that despite 
the evident association between radiological changes 
and pain, only half those with severe x-ray changes 
complained of pain. 

In Table 7 radiological signs of osteo-arthritis in the 
knees are compared with complaints of pain in the 
knees during the last five years and with physical 
signs in the knees, such as limitation of movement, 
synovial effusion, and crepitus. Again there is a 
clear association between pain in the knees and 
x-ray changes, the difference between the actual and 
expected incidence of pain in the x-ray gradings 
being highly significant (P<0-01), and there is a 
similar association between physical signs and 
x-ray changes. 


TABLE 7 


RELATIONSHIP OF OSTEO-ARTHRITIS IN KNEES (RADIO- 
LOGICAL) AND PHYSICAL SIGNS 


X-ray Changes 


None is Slight i | Severe 
Total workers.. ..  ..|129 | 7 
Workers with pain in knees .. 9 (7%) | 11 (19%) | 5 (70%) 


Workers with physical signs in 


22 (17%), 14 (24%) | 5 (70%) 


On the other hand the findings are quite different 
in the cervical spine, as shown in Table 8 where 
x-ray gradings of disc degeneration are compared 
with a complaint of pain during the past five years 
in the neck-shoulder-brachial distribution. Here 
there is clearly no association between pain and 
x-ray changes and only a very slight association 
between x-ray changes and clinical limitation of 
neck movements. 

Although there is a clear association between 
pain and x-ray changes in the lumbar spine and 
knees, it remains to be seen whether the miners, 
because of their more arduous work, suffer more 
pain than manual or office workers with similar 
x-ray changes. For this purpose we have compared 
the complaint rate in those with and without x-ray 


TABLE 8 


RELATIONSHIP OF CERVICAL DISC DEGENERATION 
(RADIOLOGICAL) TO SYMPTOMS AND PHYSICAL SIGNS 


X-ray Changes 
None Slight Severe 
Total workers id -- | 104 | $7 34 


Workers with pain, cervical- , 
shoulder-brachial -« | 28 (27%) | 13 (23%) 


Workers with limitation of neck 
movements .. 


7 (21%) 


23 (22%) | 19 (33%) | 15 (44%) 
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changes. The results are shown in Table 9 and it 
will be seen that the complaint rate amongst men 
with radiological changes is the same in the miners 
and the other groups. The disability rate in terms 
of loss of working time due to pain in the appro- 
priate distribution can also be compared with 
x-ray changes in the miners and the other groups, 
as shown in Table 9, and again the proportion of 
workers with x-ray changes who are off work for 
one week or more is similar in the miners and the 
other groups. There are slightly more miners off 
three months or more but the figures are too small 
to be statistically significant. , 

It therefore seems likely that the proportion of 
pain and disability in the low back and knees 
found amongst miners is more closely related to the 
high incidence amongst miners of the radiological 
changes of lumbar disc degeneration and osteo- 
arthritis of the knees than to the arduous nature 
of their work, except in so far as this is responsible 
for the x-ray changes. 


TABLE 9 
COMPLAINT AND DISABILITY RATE 


Manual and Office 


Miners Workers 


"Radiological “Ch hanges 


Absent "Present ‘Absent Present 


Lumbar disc degenera- 
tion 
Total workers “¥ 7 77 47 40 
Workers with pain in 
lumbar-sciatic distri- 


bution 2 34 (44%) 14 | 17 (43%) 
Workers off 1 week 

or more 0 19 (25%) 4 10 (25%) 
Workers off 3 ‘months 

or more 0 7 (9%) 2 2 (5%) 

Osteo-arthritis of knees 

Total workers : 45 39 67 20 
Workers with pain in 

knees 3 9 (23%) 5 (25%) 


Pains of Undetermined Nature 


Although in five men a characteristic past history 
and residual signs led to a diagnosis of rheumatoid 
arthritis, the only other substantial group of 
rheumatic disorders encountered in the clinic study 
consisted of pain of undetermined nature. Al- 
together 14 miners, 10 manual, and 17 office 
workers complained of pain which could not be 
attributed to any well defined disorder (Table 10). 
The high incidence among the office workers is 
largely due to pain in the cervical-shoulder-brachial 
distribution. For the most part the pain was felt 
in the trapezius or deltoid muscles, occasionally 
radiating down the arm to the wrist. In miners 
the lumbar-sciatic distribution was the most 


INDUSTRIAL MEDICINE 


TABLE 10 
SITE OF UNDETERMINED RHEUMATIC PAIN IN MINERS 
AND OTHER WORKERS 


Site of Pain Miners Manual Office 
Cerv vical-s! shoulder- brachial 3 a 10 
Intercostal and abdominal 1 2 2 
Lumbar and sciatic .. 8 3 2 
Multiple 2 0 2 
Total workers | 84 45 42 
Percentage with undetermined pain. 17 22 41 


frequent site for undetermined pain. The relative 
proportions with pain at this site were similar to 
those already encountered for lumbar disc degenera- 
tion, the miners having more than the manual 
workers, and the latter more than the office workers, 
and it would seem reasonable to suppose that 
many of these were early cases of disc degeneration 
in whom x-ray changes had not yet developed. 

Pain of undetermined nature was not an im- 
portant cause of disability ; thus only four men lost 
one week or more of working time from this type 
of pain. 


Psychometric Tests 


These will be discussed in detail elsewhere, but 
it may be said here that the comparison of rheu- 
matic pain with the stability factor derived from 
these tests did not show any significant general 
association, although the two miners with undeter- 
mined pain at multiple sites were judged to be 
relatively unstable by both the psychometric tests 
and the clinician’s assessment. It was therefore 
concluded that relative lack of emotional or mental 
stability did not contribute materially to the in- 
creased incidence of knee and back pain amongst 
miners though it may be responsible for a few 
multiple pains of undetermined nature. There was 
a correlation (0-3) between the stability factor 
derived from the psychometric tests and the physi- 
cians’ assessment of mental health. 


Causative Factors 


A number of causative factors have been studied 
in relation to x-ray signs of lumbar disc degeneration 
but only two showed any suggestive association. 
These were heavy lifting and a history of injury to 
the back ; but a man suffering from disc degenera- 
tion might be more prone to remember injuries to 
the back and to notice heavy lifting, so the signifi- 
cance of these findings is very doubtful. Other 
factors, such as height, stem height, and a history of 
exposure to damp, showed no very significant associa- 
tion with x-ray changes. Other factors, such as 
height of seam and duration of work at the coal 
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face, were unfortunately too uniform within the 
group of miners studied to allow for any compari- 
sons. From these preliminary findings it is clear 
that causative factors can only be assessed by further 
studies specially designed to demonstrate the effect 
of individual factors upon the incidence of degenera- 
tive joint changes and attacks of disabling pain. 
Discussion 

From the material presented in this paper it is 
clear that miners between 40 and 50 years of age 
suffer from more lumbar disc degeneration and 
possibly more osteo-arthritis of the knees than 
either manual or office workers of the same age, 
and that the preponderance of back and leg pains 
amongst miners which was found in the previous 
field survey (Lawrence and Aitken-Swan, 1952) 
can be largely accounted for by these degenerative 
joint changes. These findings agree with general 
clinical experience. Thus Baader (1951) found that 
out of 4,250 coal miners treated at a special hospital 
for rheumatic disorders 65°, had pain in the 
lumbar-sciatic distribution, and that about half of 
these cases had obvious radiological signs of 
** osteo-arthritis in the lumbar spine. 

Doubt has often been cast upon the significance 
of these degenerative joint changes as a cause of 
symptoms since they may be found in people who 
are not complaining of pain at the time of examina- 
tion, but in this study their association with episodes 
of pain during the past five years was clearly 
demonstrated. 

In the field survey it was noted that miners gave a 
history of increased loss of working time from 
rheumatic complaints. This might have been 
simply due to the more arduous nature of the 
miners’ work, but the present x-ray study has 
shown that miners do in fact have more advanced 
pathological changes in the joints, and that the 
complaint rate and disability rate in relation to 
these radiological changes is much the same in the 
miners as in the manual and office workers. Thus 
the miner with a given degree of x-ray change, in 
spite of the arduous nature of his work, appears to 
be no more disabled or complaining than the more 
favourably placed office or manual worker; al- 
though this finding may seem surprising, it is in 
keeping with the relatively low incidence of com- 
plaints in mining families which was noted in the 
field survey. 

It is widely held that degenerative joint changes 
result from injury and occupational or other 
stress. Coal mining entails much heavy lifting and 
laborious work, under awkward conditions beneath 
a low roof which tends to keep the spine in a 
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flexed position and on an uneven and often steeply 
inclined floor which makes the foothold insecure, so 
that the frequency of exceptional stress and injury 
to the lumbar spine and leg joints in this occupation 
must be considerable ; but the importance of these 
and other possibly causative factors must be assessed 
by suitably designed investigations. 

The findings of other investigators in men 
employed in diverse occupations suggest that heavy 
lifting and laborious work may generally be asso- 
ciated with back troubles and degenerative changes 
in the spine. Thus Stewart (1947) found a high 
incidence of degenerative changes in the lumbar 
spines of dock workers. In the iron and steel trade 
“rheumatism ” is a feature of those occupations 
such as puddling and steel smelting which involve 
intermittent short periods of very heavy work 
(Vernon, 1921), and in such industries the loss of 
work from “ rheumatism ™ is twice as great as in 
enginemen, mill-men, and general labourers. Telle- 
fesen (1949) found that amongst the contributors 
to the Oslo Sickness Fund loss of work for “ rheu- 
matism was chiefly due to lumbago ” in men, 
and that incapacity from this cause was most 
common among builders and dockers and least 
common among office workers. Although it is 
impossible to say whether disc degeneration plays 
as important a part in the back troubles of other 
workers engaged in heavy lifting as it appears to do 
in miners, there does appear to be a general asso- 
ciation between back pain and occupations entailing 
heavy lifting. 

Much has been written about the psychogenic 
factor in relation to rheumatism, and Halliday 
(1948) found a high incidence of psychosomatic 
disorders among miners in 1930 and in_ these 
disorders rheumatic symptoms figured prominently, 
but our findings in 1951 do not altogether support 
Halliday’s views. Thus although a few miners 
with pains of undetermined nature felt in multiple 
sites appeared to be relatively unstable, we did not 
find any general association between emotional 
stability and rheumatic complaints. On the other 
hand we did find a significant association between 
rheumatic complaints and radiological signs of 
degenerative joint changes in the lumbar spine and 
knees, and our general impression is that these 
joint changes are more important than psychological 
factors. It should be noted, however, that the 
social and economic status of the miners has 
changed considerably since 1930. 


Summary 


A clinical, radiological, and psychometric study 
has been made of 84 miners, 45 manual workers, 
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42 office workers, and 24 miscellaneous workers 
all of whom were between 40 and 50 years of 
age. 

The miners showed significantly more radio- 
logical changes of lumbar disc degeneration and 
possibly more osteo-arthritis of the knees than 
either manual or office workers, and there was a 
significant association between these radiological 
changes and attacks of pain in the lumbar-sciatic 
distribution and in the knees. The miners also 
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showed more arthritic changes in other joints, such 
as the elbows and hips. 

Except in a very small group of men with pain of 
undetermined nature felt at multiple sites, no 
association was found between a complaint of pain 
and relative emotional stability, and it is concluded 
that degenerative joint changes are mainly respon- 
sible for the disabling lumbar-sciatic and knee pain 
which, ina previous field survey, was found to be more 
prevalent amongst miners than the general population. 


APPENDIX 


Fletcher and Oldham (1949) have shown how 
great observer error can be in the interpretation of 
chest films taken for pneumoconiosis. Our 
experience of observer error in the reading of 
radiographs of the lumbar spine and knees will be 
discussed in greater detail elsewhere, and is only 
considered here in so far as it affects our main 
conclusions. 

In Table A the grading of lumbar disc degenera- 
tion by four observers is shown. Observers 1 
(J.H.K.) and 2 (J.S.L.) were rheumatologists, 
observer 3 (R.G.W.O.) a radiologist, and observer 4 
(J.C.F.C.) an orthopaedic surgeon. It will be 
observed that, though there are individual differ- 
ences as to grading and no complete agreement as 
to the dividing line between slight and normal, all 
observers agreed as to the main conclusions of the 
survey. Thus all observers found a higher incidence 
and a greater severity of disc changes in miners than 
in manual or office workers. Similarly (Table B) 
there are differences of opinion as to the number of 
discs affected but general agreement that multiple 
disc involvement is a characteristic feature of the 


TABLE A 


OBSERVER ERROR IN X-RAY DIAGNOSIS OF LUMBAR 
DISC DEGENERATION (SEVERITY) 


TABLE B 


OBSERVER ERROR IN X-RAY DIAGNOSIS OF LUMBAR 
DISC DEGENERATION (NUMBER OF DISCS AFFECTED) 


Category and Number of Discs Affected 


Miners | 
Observer 1 .. 7 16 21 19 9 | 
22 24 16) 7 4 1 | 

9 27 24 15 0 | 84 
Manual workers | | 
Observer 1 .. 19 8 1 
2 9 4 

19 5 0 0 0 | 


Office work ers 


Observer 1 .. | 23 & 1 2 3 0 0 
6 5 2 0 0 0 
m 3 30 4 5 3 0 0 0 42 
se 4 33 6 3 0 0 0 0 


miner’s spine. In the assessment of osteo-arthritis 
of the knees as shown in Table C there is again 
agreement as to the higher incidence and greater 
severity of the changes in miners but some difference 
of opinion on grading and normality. 


TABLE C 
OBSERVER ERROR IN THE X-RAY DIAGNOSIS OF OSTEO- 
ARTHRITIS OF THE KNEES 


Grading 
Category and Observer ——_—_—______—__—_———-| Total 
None Slight Severe 
Miners 
Observer 1 7 41 36 
2 10 29 45 
3 9 50 25 84 
4 18 30 36 
Manual workers 
Observer | a oe 19 18 8 
2 25 9 11 
3 es ‘ie 20 16 9 45 
4 21 12 12 
Office workers 
Observer | 28 i! 3 
on 2 29 10 3 
3 30 12 0 42 
4 33 6 3 


Grading 
Category and Observer — - Total 
None Slight Severe 
Miners 
Observer | 45 34 5 
2 54 28 2 
3 67 14 3 84 
60 18 6 
Manual workers 
Observer 1 a a 35 9 1 
2 37 8 0 
3 5 1 45 
a 32 13 0 
Office workers 
Observer 1 a ae 32 10 0 
2 36 6 0 
es 3 39 3 0 42 
38 4 0 
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HISTORY OF LUNG DISEASES OF COAL MINERS IN 
GREAT BRITAIN: *PART III, 1920-1952 


BY 


ANDREW MEIKLEJOHN 


From the University of Glasgow 


(RECEIVED FOR PUBLICATION APRIL 7, 1952) 


All sciences are connected ; they lend each other material aid as parts of one great whole, each doing its 
own work not for itself alone but for the other parts, as the eye guides the whole body and the foot sustains 
it and leads it from place to place. As with an eye torn out or a foot cut off, so it is with the different 
departments of knowledge ; none can attain its proper result separately, since all are parts of one and the 


same complete wisdom. 


By 1920, as previously recounted, simple anthra- 
cosis due to the inhalation of coal dust had ceased 
to be regarded as a serious condition and the whole 
emphasis, as far as occupational disease of the 
lungs was concerned, was placed on free silica and 
silicosis. Referring to this period Fisher (1935) 
has very aptly spoken of the creeping of “ the 
shadow of silicosis over the coal-mining industry *’. 
The shadow was first noticed in the Somerset coal- 
field where Mr. Fred Swift, miners’ agent at Rad- 
stock, directed attention to a number of local under- 
ground workmen, who were suffering from a 
severe, distressing lung disease which, in the opinion 
of the local doctors, was due to their occupation, 
namely branching. This work involves machine 
drilling in driving roads through highly siliceous 
sandstones—Pennant rock—locally known as 
“ greys.” In 1924 one of these workmen died 
and Sir Kenneth Goadby, an acknowledged expert 
in pulmonary diseases, following examination of 
the lungs, pronounced the disease to be silicosis. 

Following this Fisher (1935) records that : 

“In 1925, twelve patients, all of whom had been 
rock-drillers, were examined by x-ray and a number 
of men working in the same mines who had done no 
rock-drilling were chosen as controls and examined 
in the same manner. All the rock-drillers but one 
were found definitely to be suffering from silicosis, the 
one case being doubtful.” 

In the light of present experience the report 
on the controls is of considerable interest : 


“The pictures show a very different condition to 


* Part I, 1800-1875, was published in 1951 (8, 127); Part I], 1875— 
1920, in 1952 (9, 93). 


5 


RoGer (1214-1294). 


those suffering from silicosis. In the present series 
no dense mass of fibrous tissue is seen, though a 
certain amount of peri-bronchial thickening is observed 
and the lungs are not well expanded. In my opinion, 
however, the signs present are frequently seen in routine 
examinations and consistent with good health and in 
no way the result of occupation.” 

Meanwhile certifications by the Silicosis Medical 
Board and a local study of the problem by Kemp 
and Wilson (1946) have amply confirmed the serious 
incidence of silicosis among Somerset miners 
engaged in drilling and blasting in Pennant rock. 

Almost simultaneously Middleton (1920), work- 
ing as a tuberculosis officer, recorded the toll of 
silicosis among the corresponding group of men, 
hard ground workers, in South Wales coal mines. 
A few years later this was underlined by Tattersall 
(1926) who wrote : 

“IT was, with increasing frequency, encountering a 
type of disease which was either not tuberculous or, 
when proved to be tuberculous, was of a type quite 
different in onset, course and x-ray findings from 
what one may call the ordinary and straightforward 
case of pulmonary tuberculosis.” 

From the same area, Lyle Cummins (1927) 
recorded that: 

** Coal miners, as a class, are nowadays much less 
liable to respiratory disease than other workers 
exposed to ‘dust’; so much so that coal dust in 
itself may be regarded as harmless or even beneficial 
in the concentration encountered in up-to-date mines.” 
He did, however, recall the opinion of Mavro- 

gordato in South Africa : 

**Any dust inhaled in sufficient quantity will get 
ahead of any possible elimination from the lungs. 
He [Mavrogordato] attributes the escape of the 
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collier, under modern conditions, to the fact that in 
the course of ventilation the dust concentration is 
diluted and the dust blown away from where the men 
are at work.” 

This induced Cummins to comment : 


“Coal dust has earned the reputation of being 
harmless because of the ease with which it is got rid 
of from the healthy lung in the concentrations usually 
encountered in coal mines to-day. Where any factor 
exists to hinder its elimination, however, coal dust is 
capable of accumulating in the lungs and leading to 
serious or even fatal disease.”” 

In their favourable view of existing environmental 
conditions in the mines these two distinguished 
experts had overlooked that the deepening and 
extension of the mines, the working of thinner seams, 
and the progressive increase of machine mining 
were all contributing to a serious increase in dusti- 
ness, which more than offset the advantages of 
better ventilation. 

Despite the almost complete concentration of 
doctors on silica dust, the possible deleterious 
effects of coal dust had not escaped the attention 
of others. Thus the secretary of the Coal Trimmers’ 
Union invited Collis and Gilchrist (1928) to analyse 
the 426 deaths which had occurred among Cardiff, 
Penarth, and Barry coal trimmers between 1910 
and 1926. (Coal trimmers are dock workers who 
fill coal into ships’ bunkers and cargo holds.) 

Collis and Gilchrist concluded that coal trimmers 
in South Wales ** succumb in excess from bronchitis 
and pneumonia but not from phthisis”. They 
also recorded that “‘ x-ray examination disclosed 
that, after years of work, the lungs of coal trimmers 
are not normal, and exhibit signs similar to those 
widely regarded as characteristic of  silicotic 
fibrosis”. 

At this point it is necessary to notice briefly 
several matters, which had already begun to 
influence, and, in due course, were almost to 
dominate the story of the pneumoconioses. 


The Development of Associated Influences 


On January 23, 1896, William Conrad Roentgen 
announced his epochal discovery of “a new kind 
of ray” or as he designated them “ x-rays”. At 
first these rays were applied mainly in the diagnosis 
of fractures and in the detection of radio-opaque 
foreign bodies such as stones in the bladder. Almost 
immediately experiments were made to use the 
method in the investigation of diseases of other 
structures and organs. Thus in 1907 Summons 
reported his observations on the value of x-ray 
examination of the lungs in the investigation of 
miners’ phthisis at Bendigo, West Australia (metalli- 
ferous mining). Thereafter the method was increas- 


ingly used, but until about 1930 it was rather 
unreliable except for gross pathological changes. 
In recent years, however, due to better equipment 
and accessories together with greater experience 
in the correlation of morbid anatomical and x-ray 
changes in the lungs, the method has proved of 
real value, so much so that no examination of the 
lungs can now be considered complete unless it 
includes adequate radiographic investigation. 
Almost coincident with the advance of this 
discovery was the development of gold-mining on the 
Witwatersrand, which in the course of a few years 
revealed the deadly dangers of dry drilling in 
quartz ore-bodies. The South African Miners’ 
Phthisis Medical Bureau was instituted in 1916 
and since then its members, in association with the 
staff of the Medical Research Institute at Johannes- 
burg, have made outstanding contributions on all 
aspects of pneumoconiosis, particularly silicosis. 
In 1919, under the Refractories Industries 
(Silicosis) Scheme, for the first time in Great 
Britain dust disease of the lungs, silicosis, was 
recognized as an industrial disease under the 
Workmens Compensation Acts. The scheme, as 
its title denotes, was in respect of silicosis and 
restricted entirely to certain workmen employed 
in this particular group of industries. However, 
it established a precedent which stimulated the 
trades unions to press for extension of the legisla- 
tion to other industries. Coal miners were included 
in the Various Industries (Silicosis) Scheme, 1928, 
but only those men who, failing agreement with 
their employers, could prove to the satisfaction of 
the county court judge or other arbitrator that, 
during the employment to which the disease was 
alleged to be due, they had been exposed to the 
dust of silica rock. The disease was defined as 
silicosis or silicosis accompanied by tuberculosis 
and compensation was payable only in respect of 
total disablement or death by reason of the disease. 


Coal Miners’ Pneumoconiosis Recurs 


Now to resume the story of lung diseases in 
coal miners. In 1926 Cummins had indicated 
that under certain circumstances, coal dust, which 
under normal working conditions appeared to be 
harmless, was capable of accumulating in the lungs 
and leading to serious or even fatal disease. Three 
years later, Cummins and Sladden (1930) published 
the results of “* An Investigation into the Anthra- 
cotic Lungs of Coal Miners in South Wales”. 
Reviewing past contributions they recount : 

“Coal dusts then came to be accepted, both on 


statistical and experimental grounds as harmless and 
possibly beneficial, while anihracosis tended to be 
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relegated to the limbo of departed pathological 
problems connected with the faulty mining conditions 
of the past.” 


The following pathological description is quoted 
in full for comparison with those recorded just 
a century previously (Meiklejohn, 1951). 


“The outstanding characteristic of the anthracotic 
lung is the presence of areas of consolidation, varying 
from deep black to dark grey, cutting with a smooth 
dry section like black india-rubber, situated, as a rule, 
at or close to the apex of the upper or the lower lobe, 
and often prolonged downwards as a cuirass-like 
sheath of dense black infiltration under the pleura. 
These black areas may be so dark and solid as to 
resemble lumps of coal or they may exhibit a fine 
tracery of grey lines or whorls. 

Elsewhere throughout the cut surface of the lungs 
are seen black spots, varying in size from that of 
bird-shot up to buck-shot, well defined in shape as 
angular or polygonal maculae and standing out in 
sharp contrast to the chocolate-coloured or grey 
background of aerated lung substance. 

Seen through the pleural surface of the intact lung, 
they are usually circular, often showing a white or 
grey centre surrounded by a black ring. These black 
spots may be few and widely separated or numerous 
and close together. Asa rule they are more numerous 
in the upper portions of the lung where they may be 
so closely agglomerated as to be practically confluent, 
thus passing into the ‘consolidated areas’ already 
referred to. The consolidated areas are firm to the 
touch and the black spots, too, give a sensation of 
nodular resistance to the palpating finger as compared 
with the softer lung substance of the relatively unpig- 
mented parts. The fibrotic nature of the consolidated 
areas and maculae is more easily appreciated by the 
finger than by the eye, but there may be some visible 
hyperplasia in and around the vessels and bronchi 
and along the interlobular septa. 

The pleura is generally thickened and may show 
raised bullae or ragged patches where adhesions have 
been torn through or divided. 

In between the black areas and maculae, the lung 
substance may show areas of spongy emphysema or 
the tissue may be wet and oedematous, varying from 
dark grey to haemorrhagic brown. In two cases, 
dying from pernicious anaemia, the lung substance 
was pale grey affording a marked contrast to the 
black areas. Towards the roots of the lungs are 
seen the bronchopulmonary and_ tracheobronchial 
glands, these being, in all cases, deep black in section, 
though sometimes marbled with fine grey streaks just 
as are the areas of black consolidation in the lung 
tissue itself. 

Within the limits of this general description, there 
are wide variations depending upon the size and 
density of the blackened and consolidated areas.” 


These comments are particularly interesting : 


“ A still earlier type in which the anthracosis has 
stopped short at the macular stage, where the lungs, 
although retaining a considerable amount of dust, may 
be regarded as practically normal.” 


and again : 


_ “In the more advanced cases of anthracosis cavita- 
tion of the apical lung tissue is frequently found and 


often independently of any tuberculosis. Histological 
examination failed to show any tuberculosis in these 
lungs.” 

They were of the opinion that anthracosis, which 
they defined as a fibrosis of lungs accompanied 
by heavy impregnation with coal dust, was a special 
form of industrial disease occurring in coal miners 
chiefly, and to a less extent in others, who labour 
with coal. They were further convinced that the 
inhalation of silica dust was a condition essential 
to anthracotic fibrosis, that in fact ** anthracosis 
is essentially a special variety of silicosis depending 
upon the simultaneous or subsequent accumulation 
of coal dust in the silica-damaged lung”’. 

As to the effects of anthracosis on working health 
they observe : 

“It is very important to bear in mind that in 
anthracosis, as in pure silicosis, simple lung fibrosis 
may develop to a very considerable extent without 
causing appreciable loss of health.” 

So, in effect, after 100 years, the wheel had turned 
full circle ; doctors were back at the beginning, 
again speculating, in almost identical manner, on 
the many problems of aetiology, pathology, course, 
and effects of the disease. On this occasion, 
however, the focus was on South Wales and not 
on Scotland as heretofore. 


Mechanization in Coal Mines 


Early in the present century there was an 
important development in mining methods, namely, 
the mechanical cutting and conveying of coal. 

According to Black (1951) in 1913 only 8°, 
of coal in Great Britain was machine cut. Lanark- 
shire is reported to be the home of the coal-cutter 
and the corresponding figure for Scotland was 22°,. 
From this time onwards there was a general expan- 
sion of the method throughout the coalfields, 
though this was more rapid and more extensive 
in some than in others. Conveyors of bigger 
capacity were brought into use, while machine 
cutting was extended to thicker seams. In 1928, 
12°,, of coal in Britain was mechanically conveyed. 
Black records that machine cutting was, until 
about 1930, almost entirely confined to Lanarkshire 
where the particular machine favoured was the 
disc cutter. Men still recall that in the early 1920s 
miners in Muirkirk (Ayrshire) used to enquire : 
“Who is going to Shotts (Lanarkshire) to be 
poisoned?” The allusion apparently is to the 


fact that men returning from Shotts, where the 
disc cutter was in use, were noted to be short of 
breath when they returned to Muirkirk where 
the coal was hand-got. 
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Concurrently many pits throughout the country 
were becoming old, very deep, with extensive 
workings remote from the shaft and with the 
seams becoming thinner and often faulted among 
hard rock. 

All these circumstances combined to increase 
dustiness of the air in the mines, not only at the 
coalface but generally throughout the workings. 

Having regard to the scourge of the disease 
in South Wales during the last 20 years, it is a 
curious fact that mechanization was introduced 
much more slowly and much later in this area 
than in the rest of the country. There is no doubt, 
however, that ventilation was particularly bad in 
anthracite pits, partly due to the fact that the 
mines were becoming old and deep and also because, 
owing to the lack cf risk of explosions propagated 
by coal dust, it was not so vital to maintain ventila- 
tion at such a high level as in bituminous pits 
where the risks of explosions were much greater. 

Contributing to a debate in 1930 Mr. E. O. 
Forster Brown (1931), a mining engineer, related : 

“We were having trouble with dust at a South 

Wales anthracite colliery. We were trying to overcut 

a seam of about 23 feet thick above which there was 

inferior coal. We were cutting into the inferior coal 

with a chain coal-cutter and we got an enormous 


amount of dust. The dust was so thick that we 
could not see at all anywhere near the coal-cutter.” 


The Haldane Controversy 


In the history of respiratory diseases in coal 
miners the year 1930 is noteworthy for the vigorous 
intervention of J. S. Haldane who, as a physiologist 
of international reputation, had made outstanding 
contributions to the study of respiratory function 
and the effects on the lungs of muscular work and 
mine gases (Haldane, 1916, 1918). He was mainly 
responsible for the introduction of stone-dusting 
in mines as a means of controlling underground 
explosions. Following his work amoig metalli- 
ferous miners, particularly Cornish tin miners, 
he was generally regarded as a leading authority 
on miners’ phthisis or silicosis. In addition to 
his academic appointment as professor of physio- 
logy at Oxford, he acted as honorary director of 
the Mining Research Laboratory at Birmingham. 
From his writings and pronouncements during 
this period (1930 to 1939) it is difficult to avoid 
the impression that Haldane regarded the new out- 
look on miners’ lung diseases as heretical and a 
challenge to his own work and conclusions. Besides 
he was plainly opposed to the trend of silicosis 
legislation as far as it concerned coal miners. 
So it emerges that his protests and arguments are 
characterized, not so much by cogent dispassionate 
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argument, but rather by advocacy in defence of 
his own case. It is remarkable that so great a 
scientist should have accepted so uncritically the 
mortality statistics of the Registrar General and 
have been so obsessed by bronchitis as a specific 
disabling and mortal disease. Under the circum- 
stances it is litthke wonder that he came into such 
violent collision with clinicians and pathologists. 
Haldane (1931) propounded that : 

** Silicosis is a disease ‘of the lungs brought about 
by the inhalation of siliceous dust, and leading to 
tubercular infection of the lungs accompanied by 
great development of fibrous tissue in them. . . . Hence 
deaths from silicosis, when they occur, are nearly all 
returned as due to phthisis or tubercular lung disease.” 


Citing the mortality statistics of the Registrar 
General that the phthisis death rates for the various 
groups of underground workers in coal mines are 
substantially lower than those for all occupied and 
retired males he argued that, apart from workmen 
engaged in machine-drilling in driving roads through 
sandstone, coal miners did not suffer from silicosis 
but from bronchitis, which he attributed to heavy 
muscular work. Nevertheless he was compelled 
to acknowledge that, radiographically, changes, 
similar to silicosis, might exist. 

“It has been shown lately that when healthy coal 
miners are examined with the x-rays, a good many 
of them present a picture which cannot be distinguished 
from the picture seen in the case of the Johannesburg 
miners. If a man in the mines at Johannesburg 
presented such a picture, it would be regarded as 
sentence of death, but this picture seems to be found 
in this country among coal miners, who are fairly 
healthy. I want to make a strong protest against 
the practice of diagnosing silicosis on mere x-ray 


examination without knowledge of the man’s history 
and of the kind of dust he breathes.” 


The explanation, which he offered, was that the 
inhalation of coal-dust by coal miners and coal 
boat loaders stimulated the phagocytic activities 
of the lung and thus conferred a relative immunity 
from phthisis. 

In the subsequent discussion Mr. E. O. Forster 
Brown (1931) made the following comment, which 
is remarkable in relation to the development in 
recent years of aluminium prophylaxis and therapy 
in silicosis. 

“It seems to me that if the nature of that con- 
stituent in the dust could be discovered, it would go 

a ‘ong way towards solving this problem. I do not 

know how it would be applied and I should like 

Dr. Haldane’s views on that matter, whether, if one 

found what the constituent was, or what minerai 

contained the constituent to the maximum percentage, 
soine spraying of the noxious dust during boring 
operations by means of this other dust could be 
evolved? Would it be practical politics to treat 
men with inhalations containing this constituent, 
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supposing it could be isolated, before they went in 
to drive hard measure drifts in a rock with a high 
free silica content? If something of this kind could 
be done it might solve the whole problem.” 

Haldane replied : 

“It seems to me that the inhalation of dust of any 
kind is bound to cause trouble when it is thick enough; 
and anthracite-dust seems to be worse than that from 
other kinds of coal. Whatever the constituent in 
coal-dust is that stimulates elimination of the dust it 
must be applied along with the dust, and ina particular 
form and some sort of proportionate amount.” 


He emphasized the unduly high mortality from 
bronchitis in coal miners and reiterated that it 
was due to heavy muscular work and not primarily 
to the noxious effects of dust. He did, however, 
state that “it seemed practically certain that 
excessive inhalation of coal-dust or shale-dust 
must cause bronchitis and ought therefore to be 
avoided ”’. 

Quoting from the statistics of the Registrar 
General that the comparative mortality from bron- 
chitis in 1921 to 1923 for miners (hewers and 
getters) varied between the extremes of 33-8 for 
Leicestershire and 139-3 for South Wales, as 
compared with 49-6 for all occupied and retired 
males, Collis (1931) argued that, as the physical 
exertion in these mining areas probably approxi- 
mated closely, these figures did not support the 
muscular exertion theory. 

Until his death in 1936 Haldane persisted, with 
little alteration, in his views and his final contribu- 
tion, largely a restatement of his researches and 
a justification of his conclusions, appeared post- 
humously (Haldane, Haynes, Shaw, and Graham, 
1939). Thus the article records : 

“ X-ray appearances similar to those of distinct 
silicosis have been found by the investigation of the 
King Edward VII Welsh National Memorial Associa- 
tion to be present in a large proportion of the lungs 
of colliers, who are at their ordinary work, and have 
worked for many years on the coal-face exclusively, 
and never in stone drifts where they might be exposed 
for long periods to dust from highly siliceous rock. 
These men, however, are not subject to any excess 
of phthisis, as shewn clearly by the occupational 
mortality statistics of the Registrar General, so that 
to regard their x-ray appearances as evidence of 
silicosis seems quite inadmissible. The other fact is 
that when a man is suffering from either bronchitis 
or ordinary phthisis the local means of getting rid 
of inhaled dust is partly paralysed. Hence dust 
accumulates in excessive quantity in certain parts of 
his lungs. This, together with the fibrosis and x-ray 
appearances to which it apparently gives rise, is not 
due to silicosis, but is a secondary result of the 
bronchitis or phthisis.” 

There can be little dispute that, in relation to 
bronchitis, Haldane’s intransigence beguiled him, 
but, this notwithstanding, his vital contributions 


to silicosis rank among the most significant in 
the world literature. Furthermore, present experi- 
ence of severe disability due to emphysema without 
evident pneumoconiosis, occurring among machine- 
men at the coal-face and among labourers in 
heavy foundries, may yet lead us to re-examine 
Haldane’s work on muscular exertion in relation to 
bronchitis. 

To the very end of his life Haldane insisted 
that, notwithstanding similar radiographic appear- 
ances, silicosis and pneumoconiosis of coalworkers 
were distinct pathological conditions. This conten- 
tion has since received considerable support from 
the recent researches of Gough (1944, 1947) and 
of Heppleston (1951). 


The Tuberculosis Riddle 


So it appears that, by 1930, the lung diseases 
of coal miners were again compelling attention, 
particularly in South Wales. While doctors were 
investigating the clinical and pathological aspects, 
the miners, through their trades unions, were 
concerned with the associated problems of work- 
men’s compensation. 

Among experts, all over the world, it was 
accepted that tuberculosis of the lungs was the most 
serious risk of those who work in dusty occupations, 
this association being peculiarly intimate between 
phthisis and crystalline silica. Against this coal 
miners seemed to be exceptional, for while it had 
been established that silicosis did occur among 
men occupied in certain operations in coal-mines, 
the incidence of pulmonary tuberculosis among 
coal miners was considered to be less common than 
among comparable age groups of males in the 
general population. Commenting on this apparent 
anomaly a leader writer (Lancet, 1932) pertinently 
observed : 

“In point of fact there is evidence that in certain 
coalfields, at any rate, this freedom from tuberculosis 
does not obtain; and it is possible that the data 
upon which the statistics relating to the industry as 
a whole have been based have been accepted without 
sufficient scrutiny.” 

However, this comparative freedom of coal 
miners from tuberculosis was the subject of a 
series of scientific studies (Cummins and Weatherall, 
1931, 1933; Cummins and Williams, 1938) from 
which it was suggested that 

“the coal miner may be protected to some extent 

from pulmonary tuberculosis by the power of the 

coal dust, with which his lung is saturated, to adsorb 
the tuberculin of the tubercle bacillus, so that the 
clinical manifestations of the disease are modified 
and, in the absence of a post-mortem examination, 


death may be wrongly certified as due to bronchitis 
or uncomplicated silicosis.” 


2 
¢ 
4 
| 
a 
a 


HISTORY OF COAL MINERS’ LUNG DISEASES: PART Ill 


Sericite 
The discovery that asbestos, a silicate, could 
produce disabling and fatal fibrosis of the lungs, 


had done little to displace free crystalline silica’ 


from its supreme position as the cause of pneumo- 
coniosis, but the whole problem of aetiology was 
re-opened in 1933 when W. R. Jones, a geologist, 
propounded his thesis about sericite as the causative 
agent in silicosis. 
Using the petrological microscope to investigate 
a series of human lungs, he related the mineral 
residues, which he identified in the lung ash, to 
the geological constitution of the materials which 
had caused the disease. He (Jones, 1934) concluded : 
** The outstanding fact should, however, be empha- 
sized that in all the mineral residues of these silicotic 
lungs, there are countless mineral fibres, hundreds of 


which are present for every grain of quartz that can 
be recognized.” 


and 

‘*The mineral residues obtained from the 29 
silicotic lungs of employees who had been engaged 
in the various industries in this country consist, 
therefore, mainly of myriads of minute acicular fibres 
of sericite.” 

Sericite is a fibrous mineral silicate of aluminium 
and potassium mainly produced by alteration of 
felspar, when it is subjected to great geological 
pressure. It exists either as minute scales or fine, 
needle-like fibres. Dr. Jones, while admitting 
that, in exceptional cases, free silica might be the 
causal agent, attributed silicosis to the acicular 
form of sericite. 

Contrasting the serious incidence of the disease 
in the South Wales coalfield with its almost com- 
plete absence in Scotland, Jones explained that 
“the Scottish sandstones contain very few such 
fibres, and, indeed, compared to the myriads present 
in the South Wales rocks, fibres of sericite in these 
Scottish rocks are rare” 

All over the world pathologists and mining engin- 
eers, while making some critical reservations, 
acclaimed the author and the hypothesis. Haldane 
(1934), as appears from this report of his contribu- 
tion to the discussion, remained adamant and 
unconvinced : 

“Tt seemed to him that evidence was constantly 
accumulating that scattered fibrosis, giving essentially 
the same x-ray picture as real early silicosis, was 
comparatively common as a result of excessive dust 
inhalation, but without accompanying liability to 
tubercular infection. He did not think that this 
condition might be called silicosis, and so far as the 
evidence went, it seemed to arise from excess of any 
kind of dust, and not merely of silicate dust, so that 
pneumoconiosis seemed the most suitable name for 
it” (italics inserted). 
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This hypothesis has not withstood the critical 
arguments of experts, nor has it been confirmed 
by animal experiments. Moreover, certifications 
in recent years have revealed that many mining 
areas outside South Wales produce numerous 
cases of the disease. 


The Beginning of the Modern Phase in South Wales 


In 1931 the Various Industries (Silicosis) Scheme, 
1928, was amended and extended, but so far as 
coal miners were concerned the only change was 
that compensation became payable in respect of 
partial disablement. This means that the provisions 
of the scheme were still restricted to workmen 
employed in drilling and blasting in silica rock. 
Ultimately it was proved that this restriction con- 
stituted a serious hardship and so in 1934 the scheme 
was amended to include all underground colliery 
workers. 

During the early 1930s certifications among coal 
miners under the Various Industries (Silicosis) 
Scheme, 1931-34, by the Silicosis Medical Board, 
focused attention on the progressively mounting 
number of cases of silicosis, which were occurring 
almost entirely in South Wales and predominantly 
in the anthracite area around Swansea. This 
narrow geographical concentration of cases was 
impressive and not a little puzzling. Harper 
(1934), a radiologist practising in the South Wales 
coalfield, wrote ** silicosis is the fashionable disease 
in this area at present”. He described the system, 
which enabled a radiographic examination to be 
made in practically all miners in the neighbourhood. 

** There seems to be little mystery why there are so 
many cases of silicosis in this part (Swansea area) of 
South Wales when the full facts are known... . It 
is probably safe to state that more colliery workmen 
have been x-rayed in this area than in any other 
part of the coalfield ; hence more cases of silicosis 
have been found than in any other areas where no 
such examination has been carried out. This, it 
would seem, is part of the reason why there are many 
more known cases in this area than in any other 
part of the country. What the results of similar 
examinations would yield as regards silicosis in the 
other coalfields it is impossible to state until such 
examinations are carried out.” 

The following year the same writer (Harper, 1935) 
directed attention to the occurrence of similar 
lung disease among colliery surface workers who 
had never worked underground. He again 
observed : 

** These findings would also substantiate with some 
little reason my previous statement that the exient 
of the disease in the steam and soft coal areas is 
absolutely unknown, since no systematic examination 
has been carried out in these areas.” 
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Fisher (1935), H.M. Medical Inspector of Mines, 
ultimately presented the situation in precise figures 
derived from official sources. 


** Further, it soon became apparent that an interest- 
ing grouping of cases was taking place. The number 
from the Somerset area hardly increased, and very 
few cases were being reported from any part of the 
country except South Wales, For instance, out of 
81 cases certified by the Medical Boards as dying of 
silicosis up to December 31st, 1933, 69 occurred in 
South Wales (29 in the Cardiff division and 40 in the 
Swansea division), Out of 257 total disablement 
cases, 233 were certified in South Wales (92 in Cardiff 
division and 141 in the Swansea division). We there- 
fore see that out of 449 certificates issued, 398 were 
to South Wales cases (in 17 cases 2 certificates were 
issued in respect of each man—one for disablement 
and later another for death).”’ 


Referring to the practice of stone-dusting as a factor 
in the causation of the disease Fisher emphasized 
that many cases occurred in anthracite mines, where 
no stone-dusting was done. He also demonstrated 
that there was no correlation between silicosis and 
the amount of drilling. 

* While South Wales as a whole accounts for only 
one-quarter of the total number of picks and drills 
used for purposes other than getting coal, nearly 90°, 
of the cases of silicosis occurred in this district. 
The position in the Swansea division is even more 
striking, the corresponding figures being, picks and 
drills 5°, and silicosis cases 54°.” 

In the discussion Cummins (1935) contributed this 
important clinical observation : 

“ It cannot be too much stressed that this pneumo- 
coniosis of coal miners is a progressive condition, 
gradually passing on from its harmless early stages, 
through a condition of some respiratory embarrass- 
ment still consistent with working health, until it 
finally attains, in those persons most seriously affected, 
to a condition of dyspnoea and breathlessness which 
makes work impossible.” 

and again : 


“It is a great mistake to suppose, as do those who 
pin their faith on the Registrar General's statistics, 
that this form of coal miners’ pneumoconiosis is 
exempt from the risk of being complicated by 
tuberculosis.” 

There was an apparent shift of emphasis from 
silicosis to the more general term pneumoconiosis 
as revealed by Owens (1935) who remarked that 
“it would be better if we dropped the term 
* silicosis’ in favour of koniosis, as this simply 
means a dust disease and does not suggest the 
specific dust; pneumonoconiosis or pneumo- 
coniosis are both too cumbrous.” 

Even Collis (1935) was led to comment that “* some 
of the anomalies were due to gathering under the 
head of silicosis more than one pathological 
condition.” 


Haldane (1935) again rose in defence and offence : 


‘“*Let me say at once what I believe these cases 
to be. I think these cases are primarily cases of either 
bronchitis or ordinary phthisis, the coliections of 
dust with such extra fibrosis as is found on post- 
mortem or x-ray examination being due to paralysis 
by bronchitis of the normal process of dust elimination. 
This normal process and the development of fibrous 
tissue which results when it is either overwhelmed 
or fails in any other way have been followed carefully 
in the series of animal experiments carried out by 
Beattie and Mavrogordato, Carlton and Haynes. 

* Nevertheless, this fibrosis cannot be identified 
with silicosis unless it occurs in the whorled form 
characteristic of silicosis, or is accompanied in man 
by the liability to tubercular infection which is 
characteristic of silicosis, and makes silicosis such 
2a dangerous condition.” 

To the layman medical opinion appeared in 
conflict, so much so that Dr. William Cullen (1935), 
a mining engineer, felt impelled to say that “in 
his opinion the mining man could forget about the 
medical man for the present. His job was to 
get rid of the dust by all and every means in his 
power”. 

So far references, in the main, have been to 
individual experience and opinion. No general 
view of the situation which had developed became 
available until 1938, when the Registrar General 
published the occupational mortality statistics 
covering the years 1930-32. In the discussion 
of the mortality of coal miners from all causes, 
these observations appear significant : 

** The lack of improvement during the last decade 
in the rates at ages between 20 and 55 contrasts with 
a considerable decline in the general mortality rates 
of males; the position of coal miners’ mortality 
figures in relation to those of all occupied and retired 
males deteriorated considerably between 1910-12 
and 1930-32 at each age period between 25 and 55, 
that is to say, although there was a fall in their death 
rates during the 20 years the improvement was 
apparently much less (italics inserted) than in the 


general population and was confined to the first 
half of the interval.” 


As to respiratory diseases in particular : 


“At ages under 55 the respiratory tuberculosis 
rates still remained below, but approached nearer to, 
the average rates, whilst the non-tuberculous respira- 
tory death-rates, notwithstanding an absolute improve- 
ment since 1921-23, reached levels about 20°, in 
excess of the average.” 

The inference was clear, namely that coal miners, 
for some unexplained reason, were not benefiting 
from public health measures to the same extent 
as other groups ; respiratory diseases were on the 
increase in this occupation. 

Meanwhile in 1934, arising out of their duties 
of certification under the Various Industries 
(Silicosis) Scheme, 1931-34, Keating and Thomas, 


| 
| 
& 
| 
fe 
= 
3 
4 
hee 


HISTORY OF COAL MINERS’ LUNG DISEASES: PART Ill 215 


members of the Medical Board for Silicosis in 
South Wales, directed attention to a type of case 
frequently encountered among claimants in this 
area. They reported (quoted by McVittie, 1950) 
that many cases occurred in which the diagnosis 
was difficult because the industrial history and 
clinical and morbid anatomical findings led to the 
conclusion that a pathological condition of the 
lungs had developed which, while not character- 
istic of classical silicosis, closely simulated silicotic 
fibrosis. In the great majority of these cases, the 
radiograph displayed abnormal appearances in 
the lungs, which, however, did not conform to those 
generally accepted as indicative of silicotic nodula- 
tion. The films were divisible into three groups 
representing : (a) emphysema only; (4) reticular 
fibrosis of a coarse type ; and (c) reticular fibrosis 
of a fine type, more marked in mid-zone. 

In 1936 Dr. Charles L. Sutherland, Chief Medical 
Officer of the Silicosis Medical Board, directed 
the attention of the Home Secretary and of the 
members of the Industrial Pulmonary Diseases 
Committee of the Medical Research Council to 
the fact that, in the previous three years, claims for 
compensation on account of silicosis by coal 
miners had increased by 70°, and these were 
almost entirely in South Wales (McVittie, 1950). 
He also recorded that the number of certificates 
refused in the same period had increased by 
300°... The great majority of these refused cases 
belonged to the anomalous types described by 
Keating and Thomas. Disabled workmen and 
their dependants, who had failed to obtain com- 
pensation, not unreasonably felt aggrieved. The 
situation demanded immediate scientific investi- 
gation. 


Chronic Pulmonary Disease in South Wales Coal 
Miners 


So it came about that in 1936 the Medical 
Research Council were asked by the Home Office 


and the Mines Department to investigate the. 


problem of chronic pulmonary disease among coal 
miners, with particular reference to conditions in 
the South Wales coalfield. The Council under- 
took to do this. The inquiry which was set up 
extended over the years 1937-42 and consisted 
of a medical survey and pathological and environ- 
mental studies. Three reports (Medical Research 
Council, 1942, 1943, 1945) were issued and these 
presented an up-to-date, comprehensive, authorita- 
tive statement of the position as it existed in 
South Wales. 

Hart and Aslett, the leaders of the medical 
investigation, confirmed that hard-heading workers, 


driving through rock containing a high proportion 
of quartz, were subject to a special and well- 
recognized risk of developing silicosis but these 
workmen were very few and provided only a small 
fraction of the cases of pulmonary abnormality. 
The overwhelming incidence of cases occurred 
in colliers working at the coal-face and to a less 
extent among other underground workers. Similar 
lung changes were discovered amongst surface 
workers on the screens and coaltrimmers at the 
docks. Indeed it wis this observation which 
underlined the impor‘ance of coal dust and not 
rock dust as the causative agent of pneumoconiosis 
of coal workers. 


Rank of Coal Hypothesis 


It appeared that the incidence of the disease 
was not uniform throughout the coalfield. Thus 
it was high in the anthracite or hard coal area, 
low in the bituminous or soft coal area, with semi- 
bituminous or steam coal mines occupying an 
intermediate position. These findings induced 
Hart and Aslett to suggest that the incidence of 
the disease was in some way related to the rank 
of coal that was mined. According to their report 
the character and rank of coal in the South Wales 
coalfield change gradually from north-west to 
south-east. The highest rank of anthracite with 
about 5°,, of volatile matter is found in the north- 
west, and, proceeding towards the south-east, 
the volatile content steadily increases, the coal 
changing in character to lower-rank anthracite, 
steam coal, and finally, in the south-eastern and 
eastern parts of the coalfield, to bituminous coal 
with up to 36°, volatile matter. 

Thus according to Hart and Aslett the nature 
of the coal as represented by “rank” was the 
chief factor in determining the varying incidence 
of the disease in separate areas of the coalfield. 
They did not accord to the concentration of air- 
borne dust the importance which later investigators 
have attributed to it. 


Reticulation 


The pathological changes in the lungs were 
reflected by radiographic appearances, which the 
authors classified as (a) reticulation, (b) nodulation, 
(c) coalescent nodulation, (d) massive shadows, and 
(e) multiple fluffy shadows. Nodulation and massive 
shadows were already well-recognized as features 
of silicosis. Reticulation, however, was a new 
term used to denote the radiographic appearances 
in which the lung fields were more or less diffusely 
altered by fine, net-like shadows. It was the 
earliest radiological sign of any abnormal changes 


a 

i 

$ 

‘ 

4 

ig 

; 

: 


216 


in the lungs and was the commonest x-ray 
abnormality amongst the younger colliers in both 
anthracite and non-anthracite mines. Thus Hart 
and Aslett had defined a new concept if not a 
new variety of pneumoconiosis. 


“ Reticulation is an earlier x-ray change than the 
better recognized discrete nodular and conglomerate 
shadows, and in films showing these latter appearances 
it is generally visible in addition to the more noticeable 
consolidation ; the evidence further suggests that it 
represents an essential part of the pneumokoniotic 
process leading to consolidation, i.e., that it is a pre- 
stage of the latter group of changes.” 


and 


“Even when reticulation is not accompanied by 
clinical disability, its presence still implies the risk— 
considerable in high incidence mines—of the later 
progression to consolidation with its more serious 
accompaniments.” 


Dust Reticulation 
Belt and Ferris (M.R.C. Special Report Series, 


243) studied the pathology of the lung lesions and 
recorded that : 


“While the word reticulation has come into the 
terminology of penumokoniosis via _ radiological 
channels, it is, by coincidence also applicable as a 
descriptive term to the corresponding histological 
changes, though for a somewhat different reason, 
for here the network to which the term applies is a 
microscopic structure composed of dust-laden cells 
and their connecting fibres. The dust-laden tissue 
in these cases is, in fact, nothing else than reticular 
tissue as defined by Maximow and Bloom (1938).” 


These histological changes, which they described 
in detail and to which they gave the name dust- 
reticulation, were entirely different from nodular 
collagenous fibrosis of silicosis. 


** The condition is so well-known under the mistaken 
designation of simple anthracosis that a detailed 
account of it may seem superfluous. Even at the 
risk of repetition, however, we should like to describe 
the condition carefully, because it seems desirable 
that it should be reconsidered in the light of certain 
new findings which point to its being more in the 
nature of a disease than was formerly thought. 

The general characters of the lesion are best seen 
in large histological sections (Christeller technique) 
under low power magnification. For this purpose 
the sections may be mounted on lantern slides and 
examined to good effect by simply projecting them 
on to a screen. The dust deposits are scattered in a 
lace-like pattern of fine streaky processes throughout 
both lungs, in a manner corresponding to the diffuse 
lattice-work shadows seen by x ray. The change is 
diffuse and symmetrical, affecting all parts of the lung 
more or less uniformly, with the exception of the 
extreme base, where it is often less marked than 
elsewhere. The distribution is essentially that of the 
lymphatic pathways and depots. The root glands 
are packed with dust, while in the lung itself there is 
a heavy storage along the interstitial tracts, in the 
perivascular and peribronchial sheaths (particularly 
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the former), as well as in the interlobular septa and 
subpleural tissues; often enough, moreover, there 
is some extension even into the interalveolar septa. 
Under high power, the collections are distinctly 
patchy, with a notable tendency towards localized 
concentrations. The appearance may be likened to 
that of innumerable small dust-ridden cobwebs, 
all linked up with each other, more or less in continuity, 
or in series. They represent traps where dust-laden 
phagocytes have been brought to rest and trans- 
formed into fixed-tissue phagocytes which then 
become knit together into a meshwork by the 
elaboration of reticulum fibres.” 

So in effect a new type of pneumoconiosis was 
established ; the characteristics were radiographic 
reticulation and histological dust-reticulation. As 
will appear these concepts were later to be opposed 
and supplanted. 

The research team had identified radiographic 
and pathological changes, which could not rightly 
be designated silicosis, so it became necessary 
to invent a new name. Hart and Aslett argued 
that “ until the causes of the various lung changes 
due to dust in the coal-mining industry were more 
fully established, some general term should be 
used for legal purposes to cover both reticulation 
and consolidation’. They suggested pneumo- 
koniosis of coalminers”’ which the Committee 
on Industrial Pulmonary Disease later altered 
to “ pneumokoniosis of coal-workers” so as to 
include workers engaged in any operation under- 
ground in coal mines, in screen workers at collieries, 
and in coal trimmers at docks. 

Following the issue of the report, the legislature 
by the Workmens Compensation Act, 1943, gave 
partial effect to these recommendations in so far 
that the disease for which compensation became 
payable was ** pneumoconiosis * meaning “ fibrosis 
of the lungs due to silica dust, asbestos dust, or 
other dust and includes the condition of the lung 
known as dust reticulation ”’. 

The immediate result, as shown by Table | 
(McVittie, 1949), was a tremendous increase in the 
number of compensation claims and certifications 
among coal miners. 

It should be pointed out that the peak figure 
of 5,224 for Wales in 1945, while administratively 
accurate, is misleading. In 1944 the medical boards 
at Cardiff and Swansea were overwhelmed by 
claims so that examinations and certifications 
were often over one year in arrears. This means 
that a substantial number of the certifications in 
1945 resulted from applications made in 1944. 

Commenting on the situation which had developed 
Fletcher (1948) said : 


“The total number of certified cases in South 
Wales is approximately seven times the number 
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TABLE 1 

NEW CASES CERTIFIED BY THE SILICOSIS MEDICAL BOARD IN GREAT BRITAIN DURING THE YEARS 1939 TO 1947* 
Region 1939 1940 1941 1942 1943* 1944 1945 1946 | 1947 

Northern i vi ~ 2 5 2 4 12 79 57 71 93 
North-Eastern .. |... 6 7 8 6 25 85 95 127 155 
North-Midand.. .. 4 10 13 2s 17 
North-Western.. 10 10 8 7 2 53 81 97 136 
Wales eae 418 448 499 163 1,155 1,608 5,224 3,804 2,867 
Midland 12 i 13 2 4 95 132 99 110 
Kent 10 > 10 25 0 71 S| 19 

Total 465 535 821 ‘1,306 


* Coal Mining Industry (Pneumoconiosis) Compensation Scheme began on July 1, 1943. 


in the rest of the country. Since there are nearly 

six times as many coal miners in the rest of the 

country, the incidence of certified disease is nearly 

40 times greater in South Wales.” 

He considered that the main causes of this 
increase since 1943 were (a) the acceptance of the 
radiological condition of reticulation; (5) the 
operation of the Essential Works Order; and 
(c) more general awareness of the disease and 
intensive mechanization introduced in the east 
Glamorgan pits. 

MeVittie (1949) attributed the alarming figures 
in South Wales to a mass radiographical investiga- 
tion, whereby the official medical boards were 
used not only for certification but to provide an 
irregular system of periodical radiographical 
examinations of coal miners, fit and disabled. 

More recent experience is provided by estimates 
compiled by the Ministry of National Insurance 
from official records for the period April-December, 
1950, shown in Table 2. 

It should be realized that certifications for the 
purposes of workmen’s compensation are not a 
true measure of the incidence of pneumoconiosis 
in the different mining divisions. McVittie (1949) 
states : 


** Experience has proved that the evidence of the 
disease in any industry is proportionate to the number 
of x-ray examinations made of the workers exposed 
to dusts.” 


This is also true of the separate geographical 


divisions of an industry, and, as already recorded, 
mass radiography in the mining industry has 
until now been almost entirely restricted to South 
Wales. 


Employment Problems of the Disabled 


Reference has just been made to the great increase 
in claims for compensation which followed the 
new legislation for pneumoconiosis of coal miners. 
In view of the preceding events this was not surpris- 
ing, and, what is more, it was already clear that 
serious related problems of social and economic 
importance to the individual and the nation were 
developing concurrently. These arose from the 
fact that the award and acceptance of compensa- 
tion for the disease involved immediate and per- 
manent suspension from practically all work in 
the mines and, in effect, from all occupations 
involving exposure to noxious dust. Accordingly 
increased certifications meant a_ progressively 
larger number of partially disabled miners in need 
of alternative work. 

So on May 21, 1943, just a few weeks before the 
Coal Mining Industry Pneumoconiosis (Compensa- 
tion) Scheme became effective on July 1, the Minister 
of Fuel and Power appointed a committee : 


“To advise as to measures which should be taken 
to provide for the medical treatment and rehabilita- 
tion treatment or otherwise, of coal miners in the 
Wales Region suffering from Pneumokoniosis and to 
make recommendations as to what should be the 


TABLE 2 
PNEUMOCONIOSIS IN BRITISH COAL MINERS IN 1950 


Area 


Wales, Monmouth, Forest of Dean, Bristol, and Somerset 
Kent 


N. Staffordshire, S. Staffordshire, Cannoch, Shropshire, and Warwick .. 


Lancashire and North Wales .. 

Yorkshire Pr 
Northumberland and Cumberland .. 
Nottinghamshire, Derbyshire, and Leicester 


Working Certified Cases Claims 
Population (Annual Rate (Annual Rate 
(1000s) per 1000) per 1000) 
105-9 18-91 32-58 

6-0 14-20 18-00 
54:5 $-33 6°53 
80-8 §-21 7-33 
56°3 6-04 

106°8 2-19 3-40 
134-0 1-79 3-04 
48-7 0-54 1-23 
94-7 O31 0-51 
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lines of initial action and of concurrent investigation 

and study to provide a basis for further development.” 

The committee’s report was published just 
one year later. They recorded that, after giving 
the fullest consideration to the evidence and informa- 
tion which they had received, they were of opinion 
that there was insufficient knowledge available to 
enable them to advise or recommend Jarge scale 
measures of treatment including rehabilitation. 

Having regard to succeeding events the following 
recommendations are noteworthy. (1) The early 
establishment of a treatment and rehabilitation 
research centre with accommodation for 30 in- 
patients, equipped with facilities for clinical study 
and research; (2) the provision of facilities for 
pathological research into the early dust changes 
in the lung, the progression of the lesion, and 
the part played by tuberculosis and other infections. 
Where possible the pathological findings should 
be correlated with x-ray findings. These recom- 
mendations were duly implemented in 1945 by the 
establishment of the Pneumoconiosis Research 
Unit at Cardiff under the direction of Dr. Charles M. 
Fletcher. 

Meanwhile a working party under the chairman- 
ship of Mr. D. R. Grenfell, M.P., was set up to 
investigate the problem of providing work in 
South Wales for persons suspended from the 
mining industry on account of silicosis and pneumo- 
coniosis. They advised the establishment of new 
light industries in certain of the most seriously 
affected colliery areas and expressed the opinion 
that “ the finding of new employment for pneumo- 
coniotics would not present great difficulty, if 
full employment could be ensured in the areas 
concerned.” 

Experience soon proved that this view was over- 
optimistic. In 1951 in reviewing the “ Social 
Consequences of Pneumoconiosis among Coal- 
miners in South Wales,” Hugh-Jones and Fletcher 
recorded that “at present some 5,000 men with 
pneumoconiosis, three-quarters of whom are prob- 
ably capable of work under normal industrial 
conditions, are unemployed.” 

Moreover, this happened despite the fact that 
as from July, 1948, workmen were allowed to 
obtain compensation while continuing at work 
in the mines. Indeed so acute did this problem 
of unemployment ultimately become that in June, 
1951, the law was further amended so that : 

“ Men suspended under the Workmen’s Compensa- 
tion Acts because of pneumoconiosis or silicosis, un- 
accompanied by tuberculosis, may now take up 
employment in the coal-mining industry if they are 


passed by a pneumoconiosis medical board as fit to 
do so.” 


The authorities never explained whether this 
complete alteration of attitude to the continued 
employment of affected workmen in the mines was 
justified on medical grounds, or by the reduction 
of dust in the mines, or whether it was simply an 
expedient to mitigate the disaster of unemploy- 
ment among the disabled. 


Pathological Studies 


As recorded, Belt and Ferris (1942) had presented 
their concept of the minute pathology of coal- 
workers’ pneumoconiosis under the term dust 
reticulation. Almost immediately afterwards their 
work was superseded by the researches of Gough 
(1944, 1947) of the Welsh School of Medicine 
at Cardiff, who, using the new technique of large 
tissue sections (Gough and Wentworth, 1949; 
Gough, James, and Wentworth, 1949) submitted 
that : 

** The earliest lesion in the lung due to the inhala- 
tion of coal dust as such is the coal nodule; it is 
present in miners and coal trimmers. In and around 
the coal nodules, which in reality are collections of 
coal dust, is developed a peculiar type of emphysema 
which is focal in nature.” 

Heppleston (1947), working in the same labora- 
tory, later gave a detailed account of the develop- 
ment of the coal nodule and of his views on the 
mechanism of the production of focal emphysema. 

More recently Heppleston (1951) has presented 
evidence that the essential lesion of coal pneumo- 
coniosis is the same in coalworkers from coal- 
fields in all parts of the world and he again asserts 
the clear distinction between coal pneumoconiosis 
and silicosis. Moreover, he concludes that it is a 
quantitative effect : 

“Simple mechanical accumulation of dust, rather 
than the activity of free silica, is the main factor 
in the genesis of simple pneumoconiosis in coal 
workers. There is no evidence of the operation 
of any agent other than dust.” 

The coal nodule is now accepted as the specific 
lesion but there is still controversy about the 
mode of development of focal emphysema (McVittie, 
1950). 

Gough (1947) also concluded that pneumoconiosis 
of coalworkers was not one but two diseases. The 
first, simple pneumoconiosis, was caused by the 
inhalation of coal dust which accumulated in small 
foci, where it excited a minimal amount of reticulin 
fibrosis. The second, infective pneumoconiosis, 
was due to the combined action of coal dust and 
tuberculous infection, whereby “ infective nodules ” 
composed of collagenous fibrous tissue developed 
and later aggregated to form areas of massive 
fibrosis. 
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Some support for this view of infective fibrosis 
was provided by the bacterial studies of Rogers 
(1946) and by the observations of Stewart (1948) on 
erythrocyte sedimentation rates. The problem is 
at present being studied by a mass radiographic 
examination of the whole population of the Little 
Rhondda Valley. 


Recent Researches 


Since the Pneumoconiosis Research Unit was 
instituted at Cardiff in 1945, Dr. Fletcher and his 
colleagues, as a result of extensive researches, have 
made many contributions to the literature of 
pneumoconiosis, particularly as it affects coal miners 
in South Wales. 

Davies and Mann (1949) consider that reticu- 
lation should be abandoned as a term descriptive of 
radiographic changes. They submit that the 
characteristic early x-ray appearances are minute 
opacities, which, pathologically, appear as small 
foci of dust deposition, associated with reticulin or 
occasionally collagenous fibrosis, throughout the 
lung ; the coal nodules of Gough. 

“The characteristic opacities are minute (0:5- 
1-5 mm. diam.), more or less circular and fairly well- 
defined in outline. They are usually arranged in 
clumps. The appearance is thus of a granular type, 
but fine linear opacities often connect adjacent 
minute opacities, enclosing small, translucent areas 
which results in a fine lace-like appearance.” 

This compares with the original description of 
reticulation (Hart and Aslett, 1942) ; 

** Lung fields show a fine network sometimes sharp 
and lace-like in Pattern, but much more often blurred 
in appearance. 

It is generally agreed that it is not possible radio- 
graphically to identify either the presence or extent 
of focal emphysema. 

The Unit have also concluded that the radio- 
graphic appearances may be divided into two main 
forms, simple pneumoconiosis and progressive 
massive fibrosis, corresponding with the pathological 
distinction made by Gough. 

In simple pneumoconiosis “ the first radiological 
abnormalities to appear are minute opacities up to 
1 mm. in diameter ; these increase in number and 
size, and to a certain extent in radiological density, 
until the whole of both lung fields is thickly covered 
with opacities ranging up to 3 or 4 mm. in diameter, 
which are usually composed of aggregates of minute 
opacities 

Progressive massive fibrosis consists of localized, 
more homogeneous opacities of longer size, which 
commonly appear in the upper zones, particularly 
on the right side. This appearance is always 
accompanied by some degree of simple pneumo- 
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coniosis and the combination has been named 
complicated pneumoconiosis. 

In the radiological diagnosis of simple pneumo- 
coniosis Fletcher and Oldham (1949) emphasized 
the errors, made by the same observer and between 
different observers, which occur in the recognition 
and classification of the early categories. To 
minimize these errors and so achieve greater con- 
sistency they advocated the use of standard reference 
films. In a special test (Fletcher and Oldham, 
1951) this method was found to have some value 
and an effort is now being made to have it adopted 
internationally (Fletcher, 1950 ; Cochrane, Davies, 
and Fletcher, 1951). 

The course of the disease under various environ- 
mental conditions is of considerable importance in 
prognosis and in deciding whether or not a patient 
may safely continue in his occupation. This 
aspect has been studied by several workers (Williams, 
1933; Stewart, 1948; Davies, Fletcher, Mann, 
and Stewart, 1949). Moreover, in this problem 
Gough’s assertion that pathologically there are two 
distinguishable disease processes, simple pneumo- 
coniosis and infective pneumoconiosis, is peculiarly 
relevant. Radiographically the former is charac- 
terized by scattered minute opacities and the latter 
by massive shadows. A further relevant point is 
that (Cochrane, Fletcher, Gilson, and Hugh- 
Jones, 1951): 

“On the average, young men even with quite 
advanced simple pneumoconiosis are not seriously 
disabled. Men with progressive massive fibrosis, 
on the other hand, are usually quite markedly dis- 
abled and their disability increases both with age and 
the radiological degree of the progressive massive 
fibrosis.” 

According to Davies and his colleagues (1949) 
simple pneumoconiosis, judged radiologically, does 
not progress as such in the absence of further coal 
dust inhalation. With regard to massive fibrosis, 
however, the situation, as summarized by Cochrane 
and others (1951) is rather different : 

(1) If a man is removed from further exposure 
to dangerous dust when he has only a small amount 
of simple pneumoconiosis, he is most unlikely to 
develop progressive massive fibrosis; (2) once a 
man has enough simple pneumoconiosis, progressive 
massive fibrosis may develop with equal likelihood 
whether or not dust exposure ceases ; (3) once massive 
fibrosis has started it is nearly always progressive, 
though at widely varying rates.” 

These observations led Fletcher (1950) to suggest 
that, radiologically, there is a “ critical stage” of 
simple pneumoconiosis at which liability to pro- 
gressive massive fibrosis arises, and so he argued 
that if men could be removed from the danger 
before this stage was reached their future health 
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would be safeguarded. To fulfil this desirable 
purpose a system of periodic radiographic exami- 
nations of coal workers was advocated (Fletcher, 
1948: Cochrane, Fletcher, Gilson, and Hugh- 
Jones, 1951). This programme, if implemented, 
would assist to mitigate the evils of the disease in 
the individual and in the community. 

Despite all these researches the fundamental 
problems of aetiology and pathology remain un- 
resolved. It is, however, agreed that mine dust (a 
more general term than coal dust) is an important 
factor in producing the disease. 

So recently as 1948 H.M. Chief Inspector of 
Mines (Bryan, 1950) recorded : 

** There is no doubt that one result of the adoption 
of many of the present methods of machine mining 
is that the production of dust in mines has increased 
in recent years and is still increasing. If we are to 
get rid of the scourge of pneumoconiosis, this process 
must be reversed.” 

Mining engineers have already made great 
advances in the control of air-borne dust, notably 
in South Wales by water infusion of the solid coal 
at the working face before actual coal-getting begins. 
The National Coal Board have now established a 
full-time comprehensive occupational health §ser- 
vice, covering every pit throughout the country. 
This service is in future to be assisted by advisory 
panels of experts on epidemiology, psychology, 
physiology, and industrial medicine (Lancet, 1952). 
In addition the Inspectors of Mines continue to 
ensure the observance of mining regulations. 

The future chapters of this story will be written 
by the achievements of the team, research workers, 
engineers and doctors, supported by management 
and workmen. The cost of conquest of the disease, 
in money, will be great ; the price already paid, 
human suffering, has been too great. 


I am deeply grateful to all the authors whose published 
work has enabled me to compile this short history. 
It has not been possible to notice every contribution 
but in the selection of material and in such comments 
as I have interpolated, I have tried to be completely 
objective. 
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THE EFFECT OF PSYCHOLOGICAL HANDICAP 
IN TWO FACTORY GROUPS 


BY 
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This paper describes one of a series of investiga- 
tions to determine the effect of psychological 
handicap on productivity and occupational adjust- 
ment. Two independent groups of apparently 
healthy conveyor assembly workers were studied. 
Each member of the group was examined medically 
and psychologically and these findings were con- 
sidered in relation to the productivity and absen- 
teeism of the two groups. 


The Groups 


The groups were in a factory making lead 
accumulators. The factory has been established for 
over 50 years in an industrial area near Manchester, 
and is the largest manufacturing unit in a co- 
ordinated group of firms. The labour is drawn 
from a community which has a wide range of 
acquired techniques and a long industrial tradition. 

The groups were responsible for the final assembly 
of batteries; each contained some 28 men and 
women and a charge-hand. The charge-hands were 
responsible to the same foreman. 

The groups cannot be considered to be in any 
sense a random collection of people as they were 
formed by a continuous process of selection ; indeed, 
the selection may have resulted in a concentration 
of men and women with broadly similar charac- 
teristics. 

Methods of Study 


The investigation was made during three periods 
in 1949. During the first period, from January to 
March, preliminary assessments of productivity 
were made before the groups were aware of the 
project. 

During the second period, from March to June, 
workers were interviewed and examined. On 
Wednesday of each week batteries of the same type 
were allotted to the groups for assembly to compare 
their output as accurately as possible. 

In the third period, from October to December, 


the charge-hands were transposed in order to 
measure the effect of the changed supervision on 
productivity and absenteeism. 

More than 30 different types of battery were 
being assembled. This involved the groups in 
frequent changes in working methods, and made 
it necessary to use a performance index as a measure 
of output. Group working in the factory has been 
valued by accepted work-study’ techniques. 
Earnings are calculated for each day on the basis 
of a performance index which is the result of 
dividing ** work-minutes *’ by actual clock minutes 
and multiplying by 100. ‘* Work-minutes ”’ are the 
product of the number of pieces completed and 
the standard time allowed for each piece. Time 
allowances are added for delays in production due 
to changing types of work, lack of materials, 
mechanical breakdowns, washing, preparing the 
work place, time sheet recording, etc. In this 
enquiry a performance index without any of these 
additions was used to measure the output of those 
working on conveyors A and B (Group A and 
Group B). An actual count of comparable units 
was not found to be practicable. 

A record of each worker’s life history was made, 
and included details of habits, previous health, 
work experience, recent social circumstances, and 
health ; their attitudes, moods, and sociability 
were also assessed. Special attention was paid to 
persistence in the face of difficulties and perseverance. 
Interests and preferences were noted, as well as 
tendencies to emotional instability, maturity, and 
timidity. Physical examination included the record- 
ing of anthropometric data (Cureton, 1947), tests of 
manual strength, cardiovascular efficiency (Schneider 
and Karpovich, 1948), haemoglobin index, and 
where necessary, a clinical examination. A small 
battery of psychological tests was also used (see 
Appendix for details). Interview time and exam- 
ination were kept to a minimum and the 
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confidential nature of the enquiry stressed at every 
opportunity. The foreman was asked to rate each 
worker on 3-point scales. Ratings were made by 
the investigator on a 4-point scale for physical 
and mental heaith, and 3-point scales for certain 
personality features such as emotional instability, 
maturity, persistence, timidity, anxiety, and obses- 
sional traits. Records of all forms of absenteeism 
were obtained from the foreman of the department 
for the periods January | to June 30, 1949. 


The Findings 
There were few significant differences between 
the groups for the various health indices used 
(Table 1). The more important ones will be dis- 
cussed below. 


TABLE | 
MEAN SCORES OF TEST RESULTS 


Males Females 
A B A B 
Schneider Index 13-19 14-33 12-15 12-67 
Standard deviation Be 2-04 415 3-56 270 
Persistence Test a ee 32:88 29-93 20-85 20-83 
Standard deviation a 9-80 14-37 7-54 9-92 
Maudsley Questionnaire .. 8:27 7:27 6-92 7-83 
Standard deviation vi 6-15 5-87 4-84 4-62 
Thurstone Reasoning Test. . 7-67 9-60 4-69 4-67 
Standard deviation 507 6-08 3-27 3-25 
Word Connection Test a 11-80 11-93 13-69 13-42 
Standard deviation 3-85 6-49 7°39 5-01 


Psychological Test Battery.—The mean _ intelli- 
gence score (on Thurstone’s Reasoning Test) for 
Group B males was slightly greater than for Group A; 
the female scores in both groups were the same. 
Crown’s Word Connection Test showed no sug- 
gestive differences between the groups, although 
females had a higher (abnormal) mean score than 
the males. In the Sentence Completion Test (a form 
of projective technique) the majority of the responses 
were extremely limited but were helpful in under- 
standing particular attitudes or needs. The Maudsley 
Medical Questionnaire scores showed no significant 
differences. Finger dexterity scores for assembly 
and dis-assembly showed the groups to be remarkably 
alike ; thus, these tests did not indicate any obvious 
difference in the neurotic tendencies of the groups. 


Physical Data.—Both groups showed a tendency 
to ectomorphy, that is, slender body build on 
Sheldon’s scale (Sheldon, 1940), with a predomin- 
ance in Group B due mainly to the males ; this was 
calculated. by means of the Reciprocal Ponderal 
Index from heights and weights. This index (height/ 
cube root of weight) provided a single indicator of 
an individual's position on the ectomorphy-endo- 
morphy scale, without having to resort to the 
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special photographic technique of somatometry, 
obviously inapplicable in industry. Cardiovascular 
efficiency was slightly lower in Group A than in 
Group B, from which a greater tendency towards 
emotional instability was suggested since no obvious 
cardiovascular defects were found in either group 
(McFarland and Huddleson, 1936). On the measure 
of persistence, Group A males were slightly better 
than those in Group B. 


Health and Personality Trait Assessments.— 
Group B contained more individuals within the 
normal range in both physical and mental health, 
whereas Group A included two cases of definite 
neurosis. Tests of significance were applied to the 
distribution of traits between the groups. The only 
important differences were that Group A showed 
more emotional instability and timidity (especially 
among the women) and greater anxiety, but only 
the latter was significant at the 5°. level, whereas 
Group B was more mature, especially its men ; this 
difference was significant at the 5°, level. 


Sociability—The groups were constituted in the 
previous January (approximately three months 
before the interviews began), so that the experience 
of working as a group, as well as past friendships 
(in other parts of the shop and works) must be taken 
into consideration. Table 2 shows the friendships 
within and between the groups. Thus in Group 
A some 10 internal social bonds were found, as 
contrasted with Group B’s 17. We may conclude 
that Group B was friendlier and more closely knit 
than Group A. This is a factual matter and quite 
independent of any hypothetical observations on 
group unity or morale. 


TABLE 2 
FRIENDSHIPS WITHIN AND BETWEEN GROUPS 


Friendships Friendships 


in Group A_ in Group B Total 
Group A\ 13 females 4 7 
Group By 13 females 9 4 13 


Socio-Economic Data.—The only significant dif- 
ferences were in the categories of age and absen- 
teeism. 


Age.—The mean age for males in Group B was 
some five years greater than for Group A, thus 
implying that Group B had greater industrial 
experience. 
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TABLE 3 
ABSENTEEISM * OF WORKERS ON CONVEYOR BELTS A AND B BETWEEN JANUARY 1 AND JUNE 30, 1949 


a - Sickness With and Without Permission All Reasons 

: Days Average Days Days Average Days Days Average Days 

A. 13females .. 3 0-2 0-4 0-6 
(Totals 28 .. ae 9 0-3 12 0-4 21 0:8 

B13 females .. 7 0-5 6 0-5 13 1-0 
(Totals 28... 45 16 15 0-5 60 21 


* Excluding annual leave and public holidays. 


Absenteeism.—Table 3 gives interesting data on 
absenteeism, but is inconclusive because of the 
small numbers in the groups. Analysis indicated 
a surprising difference from accepted absentee 
behaviour. Males were responsible for 62°,, and 
78°., of all time lost on the conveyor belts for all 
reasons. Absenteeism, which was evenly distributed 
among the groups, was about three times higher 
in the more productive conveyor group B than in A. 
It has been generally held that absenteeism is 


rest were approximately the same but the out- 
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Period 2 
Week ending 25 Mar - 24 june 1949 


INTERVIEW PERIOD 


standing difference was the narrow scatter in the 
selected team. It was as if they conformed far more 
closely to the hypothetically efficient worker in 
respect of their test performance, while any marked 
variants from this mean—in either direction—were 
omitted. 


Output.—The output differences of the two 
groups based on the performance index are given 
in Fig. 1! and Table 4. (1) Group A may be regarded 
as being slightly less productive than Group B in 


E related to a lower standard of occupational adjust- . , 
: ment; in the present enquiry the contrary is the first period before being exposed to the unusual 
i indicated by all other measures of industrial Stimulation of this study. (2) The less productive 
4 effectiveness. group A was relatively more attected by the investi- 
Foreman’s Ratings.—The foreman’s ratings for TaBLe 4 
4 : 3 : : THE MEAN OUTPUT OF THE TWO GROUPS FOR 
4 industrial effectiveness showed no difference between 
¢ the groups. 
! The foreman was asked to select what in his Periods fn ae il il 
4 view would be the most effective group of 28 Group Af Mean. 
persons from the total of 56. The mean scores 1808S 

r M 185 187 196 
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gation than was Group B. (3) In the third period 
both groups increased their output but Group B 
relatively more than Group A. (4) The question 
must remain open as to whether the improvement 
in the performance index of both groups, as it appears 
in a comparison between Periods I and III, is 
attributable to the effects of being investigated, the 
change-over of the charge-hands, a combination 
of both these elements, some unknown alteration 
in the internal basis of the performance index, 
which careful and prolonged enquiry failed to elicit, 
improvement due to practice, or combinations of 
these. 

In the second period when daily interviews, 
personal contacts, research interest, and special 
production days were instituted, we find a suggestive 
rise in effectiveness of both groups. Group A, the 
less effective, was relatively more influenced by 
these factors. How far such change can be ascribed 
to stimulation due to unusual research activity 
cannot be estimated. Close examination of all the 
normal factors affecting output shows no specific 
changes and therefore explanation along the lines 
of the Hawthorne* findings cou!d be acceptable. 
The differences in weekly average performance 
indices as shown in Fig. | appear to be consistently 
reduced during the second period. 

For the third period, we have attempted to 
investigate the effects of a change of supervision on 
the groups. Sufficient time elapsed between the 
second and third periods to allow the groups to 
settle down after this change, and the upheavals 
caused by holidays. There was an appreciable 
higher level of the performance index of both 
groups, and, further, the difference between the 
average performance indices was reduced compared 
with the first period. Close examination of industrial 
and economic factors has revealed no _ forces 
adequate to account for these changes; hence it 
appears that the transposition of the supervisors 
may have altered the psychological and social milieu 
sufficiently to affect industrial effectiveness. 


Discussion 


The complexity of physical, mental, and social 
health defies neat scientific measurement. This is 
particularly obvious when one attempts to treat 
the occupational health of a worker as an entity 
divorced from social and domestic affiliations. Our 
main purpose has always been to study the biological 


* These, based on the now classical social and psychological studies 
at the Hawthorne plant of the Western Electric Company near 
Chicago, are that close investigation of any group will usually affect 
its behaviour and hence its industrial performance, usually for the 
1933; Roethlisberger and: Dickson, 1939; Whitehead, 
1938). 
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adaptation of our population in the work situation 
but always against the total domestic, social, and 
economic background. 


Output in Relation to Health.-Our measures of 
group health indicate that physically Group B con- 
tained more individuals within the limits of normality 
than did Group A. On the mental side, there were 
two cases of definite neurosis in Group A but none 
in Group B ; there were few other significant differ- 
ences in their mental health. However, analysis of 
personality trait ratings showed that Group A 
possessed more unstable, timid, and anxious females 
than Group B, and its workers were emotionally 
less mature. Group B thus appeared to be the 
more healthy group mentally, and showed more 
stability and maturity than Group A. Dynamically 
and socially, Group B was also considered to be 
more effective than Group A as shown by measures 
of friendliness within and between the groups. 
These findings would appear to support the widely 
accepted view that industrial effectiveness is related 
to the health of the group. 


Output in Relation to Key Workers.—It was 
found that Group A’s leading hand was stronger 
physically and enjoyed excellent health, whereas 
Group B’s was only rated fair because he 
had emphysema. Psychologically the leading hand 
in Group B was more intelligent and showed 
greater finger dexterity, also the leading hand of 
Group A was somewhat more unstable than the 
leading hand of Group B. However, both were 
within normal limits in regard to their recent 
mental health, although neither was in the highest 
grade. The leading hand of Group B was more 
mature than his counterpart of Group A; the 
latter was found to be aggressive, with a tendency 
to moderate anxiety reactions. Both were highly 
conscientious. The leading hand of Group A was 
assertive and energetic, but anxious, preferring his 
family circle to a wider social sphere. The leading 
hand of Group B was an even-tempered, older man, 
of pyknic build, moderately assertive, sociable but 
somewhat handicapped by his emphysema. 


Output in Relation to Charge-hands.—Both 
charge-hands were undoubtedly in excellent physical 
health. Mentally, the charge-hand of Group A 
was found to be suffering from a mild anxiety 
state over the illness of his family, and had enjoyed 
only a fair degree of health in the past; there 
was a family history of mild instability. The past 
and present health of the charge-hand of Group B 
was excellent. Personality traits showed much 


similarity, yet the charge-hand of Group A was 
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emotionally of high lability, a lean, nervous and 
hard-pressed man tending to require the support of 
his superior in day-to-day problems. His counter- 
part in Group B was a bluff, pyknic, hasty autocrat, 
and entirely self-sufficient in his work-a-day super- 
vision. These personality differences appear to be 
closely related to the industrial effectiveness of their 
respective groups and the changes consequent on 
transposing the charge-hands. 


Although the differences in industrial performance 
of the two groups are small, these findings suggest 
that the health of the charge-hands and key workers 
and the general health of the groups, which may have 
been influenced by the key workers and charge- 
hands, did influence industrial effectiveness. 


It has been widely accepted that the inclusion 
of maladjusted and unstable individuals in a 
working group is likely to reduce its industrial 
effectiveness owing to various factors : absenteeism 
(Russell Fraser, 1947; Wyatt, 1945); unemploy- 
ment and frequent job changes (Lewis, 1935); 
accidents (Selling, 1944; Adler, 1941); prolonged 
rehabilitation (Jones, 1948), monotony and boredom 
(Wyatt and Langdon, 1937), friction with superiors, 
equals, and inferiors (Tredgold, 1949); and poor 
quality and quantity of work owing to inability to 
concentrate (Gibeson, 1947). Observations have 
already shown some output differences which may be 
the effect of minor degrees of maladjustment and 
instability between the groups. But absenteeism does 
not conform to the general pattern in that the less 
effective (and less healthy) Group A showed con- 
siderably less absence than the more productive 
one B (Table 3). On the other hand the high group 
cohesion (as measured by intra-group friendships) 
was significantly related to higher productivity. It 
has been found elsewhere that pride in the work 
group is an extremely important factor both in the 
cohesion and morale of the group, and in its 
productivity (Katz, 1949; Mayo and Lombard, 
1944). There are strong indications in this in- 
vestigation that homogeneity of the group, even 
when of lower intelligence, may be more important 
for group effectiveness than heterogeneity, even 
where the latter may include outstanding workers. 
However, such exceptional individuals may com- 
pensate when in key positions by setting a higher 
pace. 

This investigation has emphasized the difficulties 
of mental health research in factories, not only 
because of the lack of adequate methods of health 
and personality assessment at work, but also 
because of the no less difficult task of measuring 
variations in output. 


Summary 


The relations between the medical and psycho- 
logical characteristics and the industrial effectiveness 
of two independent and parallel groups of male and 
female workers were investigated. 

Both groups of workers were engaged in the 
final assembly of lead-acid accumulators; each 
was supervised by a male charge-hand responsible 
to the same foreman. 

The study was concerned with the first, second, 
and fourth quarters of 1949. 

There were certain significant differences in the 
output of the two groups during the study. 

The group showing better mental health, stability, 
and maturity was industrially more effective. 

The leading hand of the group which was indus- 
trially more effective was on the whole healthier 
and more stable than the leading hand of the less 
effective group. 

The charge-hands of the two groups differed 
significantly in personality and health, the differences 
appearing to influence the output of their respective 
groups. 

Contrary to expectation, the group which was 
less healthy and industrially less effective, had less 
absenteeism than the other group. 

The healthier group showed higher group cohe 
sion, as measured by friendships extending beyond 
the workshop. 

The industrial effectiveness of the group appeared 
to be more dependent on the homogeneity than on 
the range of abilities of its members. 


We wish to thank our colleague, Dr. Alastair Heron, 
who joined the research team after the completion of 
this work, for his special assistance in the statistical 
treatment of the production data. Throughout the 
research, the firm’s industrial medical officer, Dr. D. 
Malcolm, assisted in every way, and his support helped 
considerably to increase the workers’ confidence in the 
research nature of the work. Professor Aubrey Lewis, 
Hon. Director of the Unit, and Professor Ronald Lane, of 
the Department of Occupational Health of the University 
of Manchester, made themselves continuously available 
for consultation; their advice, encouragement, and 
criticism were of the greatest value. Lastly, the workers 
on the conveyor belts concerned not only actively 
cooperated in the research project while engaged on 
the belts, but also willingly endured the interview, and 
without their help this investigation would have been 
impossible. 
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gation than was Group B. (3) In the third period 
both groups increased their output but Group B 
relatively more than Group A. (4) The question 
must remain open as to whether the improvement 
in the performance index of both groups, as it appears 
in a comparison between Periods I and III, is 
attributable to the effects of being investigated, the 
change-over of the charge-hands, a combination 
of both these elements, some unknown alteration 
in the internal basis of the performance index, 
which careful and prolonged enquiry failed to elicit, 
improvement due to practice, or combinations of 
these. 

In the second period when daily interviews, 
personal contacts, research interest, and special 
production days were instituted, we find a suggestive 
rise in effectiveness of both groups. Group A, the 
less effective, was relatively more influenced by 
these factors. How far such change can be ascribed 
to stimulation due to unusual research activity 
cannot be estimated. Close examination of all the 
normal factors affecting output shows no specific 
changes and therefore explanation along the lines 
of the Hawthorne* findings could be acceptable. 
The differences in weekly average performance 
indices as shown in Fig. | appear to be consistently 
reduced during the second period. 

For the third period, we have attempted to 
investigate the effects of a change of supervision on 
the groups. Sufficient time elapsed between the 
second and third periods to allow the groups to 
settle down after this change, and the upheavals 
caused by holidays. There was an appreciable 
higher level of the performance index of both 
groups, and, further, the difference between the 
average performance indices was reduced compared 
with the first period. Close examination of industrial 
and economic factors has revealed no forces 
adequate to account for these changes ; hence it 
appears that the transposition of the supervisors 
may have altered the psychological and social milieu 
sufficiently to affect industrial effectiveness. 


Discussion 


The complexity of physical, mental, and social 
health defies neat scientific measurement. This is 
particularly obvious when one attempts to treat 
the occupational health of a worker as an entity 
divorced from social and domestic affiliations. Our 
main purpose has always been to study the biological 

* These, based on the now classical social and psychological studies 
at the Hawthorne plant of the Western Electric Company near 
Chicago, are that close investigation of any group will usually affect 
its behaviour and hence its industrial performance, usually for the 


—— (Mayo, 1933; Roethlisberger and Dickson, 1939; Whitehead, 
1938). 
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adaptation of our population in the work situation 
but always against the total domestic, social, and 
economic background. 


Output in Relation to Health.—Our measures of 
group health indicate that physically Group B con- 
tained more individuals within the limits of normality 
than did Group A. Onthe mental side, there were 
two cases of definite neurosis in Group A but none 
in Group B ; there were few other significant differ- 
ences in their mental health. However, analysis of 
personality trait ratings showed that Group A 
possessed more unstable, timid, and anxious females 
than Group B, and its workers were emotionally 
less mature. Group B thus appeared to be the 
more healthy group mentally, and showed more 
stability and maturity than Group A. Dynamically 
and socially, Group B was also considered to be 
more effective than Group A as shown by measures 
of friendliness within and between the groups. 
These findings would appear to support the widely 
accepted view that industrial effectiveness is related 
to the health of the group. 


Output in Relation to Key Workers.—It was 
found that Group A’s leading hand was stronger 
physically and enjoyed excellent health, whereas 
Group B’s was only rated fair because he 
had emphysema. Psychologically the leading hand 
in Group B was more intelligent and showed 
greater finger dexterity, also the leading hand of 
Group A was somewhat more unstable than the 
leading hand of Group B. However, both were 
within normal limits in regard to their recent 
mental health, although neither was in the highest 
grade. The leading hand of Group B was more 
mature than his counterpart of Group A; the 
latter was found to be aggressive, with a tendency 
to moderate anxiety reactions. Both were highly 
conscientious. The leading hand of Group A was 
assertive and energetic, but anxious, preferring his 
family circle to a wider social sphere. The leading 
hand of Group B was an even-tempered, older man, 
of pyknic build, moderately assertive, sociable but 
somewhat handicapped by his emphysema. 


Output in Relation to Charge-hands.—Both 
charge-hands were undoubtedly in excellent physical 
health. Mentally, the charge-hand of Group A 
was found to be suffering from a mild anxiety 
state over the illness of his family, and had enjoyed 
only a fair degree of health in the past; there 
was a family history of mild instability. The past 
and present health of the charge-hand of Group B 
was excellent. Personality traits showed much 


similarity, yet the charge-hand of Group A was 
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emotionally of high lability, a lean, nervous and 
hard-pressed man tending to require the support of 
his superior in day-to-day problems. His counter- 
part in Group B was a bluff, pyknic, hasty autocrat, 
and entirely self-sufficient in his work-a-day super- 
vision. These personality differences appear to be 
closely related to the industrial effectiveness of their 
respective groups and the changes consequent on 
transposing the charge-hands. 


Although the differences in industrial performance 
of the two groups are small, these findings suggest 
that the “ealth of the charge-hands and key workers 
and the general health of the groups, which may have 
been influenced by the key workers and charge- 
hands, did influence industrial effectiveness. 


It has been widely accepted that the inclusion 
of maladjusted and unstable individuals in a 
working group is likely to reduce its industrial 
effectiveness owing to various factors : absenteeism 
(Russell Fraser, 1947; Wyatt, 1945); unemploy- 
ment and frequent job changes (Lewis, 1935); 
accidents (Selling, 1944: Adler, 1941); prolonged 
rehabilitation (Jones, 1948), monotony and boredom 
(Wyatt and Langdon, 1937), friction with superiors, 
equals, and inferiors (Tredgold, 1949); and poor 
quality and quantity of work owing to inability to 
concentrate (Gibeson, 1947). Observations have 
already shown some output differences which may be 
the effect of minor degrees of maladjustment and 
instability between the groups. But absenteeism does 
not conform to the general pattern in that the less 
effective (and less healthy) Group A showed con- 
siderably less absence than the more productive 
one B (Table 3). On the other hand the high group 
cohesion (as measured by intra-group friendships) 
was significantly related to higher productivity. It 
has been found elsewhere that pride in the work 
group is an extremely important factor both in the 
cohesion and morale of the group, and in its 
productivity (Katz, 1949; Mayo and Lombard, 
1944). There are strong indications in this in- 
vestigation that homogeneity of the group, even 
when of lower intelligence, may be more important 
for group effectiveness than heterogeneity, even 
where the latter may include outstanding workers. 
However, such exceptional individuals may com- 
pensate when in key positions by setting a higher 
pace. 

This investigation has emphasized the difficulties 
of mental health research in factories, not only 
because of the lack of adequate methods of health 
and personality assessment at work, but also 
because of the no less difficult task of measuring 
variations in output. 


Summary 


The relations between the medical and psycho- 
logical characteristics and the industrial effectiveness 
of two independent and parallel groups of male and 
female workers were investigated. 

Both groups of workers were engaged in the 
final assembly of lead-acid accumulators ; each 
was supervised by a male charge-hand responsible 
to the same foreman. 

The study was concerned with the first, second, 
and fourth quarters of 1949. 

There were certain significant differences in the 
output of the two groups during the study. 

The group showing better mental health, stability, 
and maturity was industrially more effective. 

The leading hand of the group which was indus- 
trially more effective was on the whole healthier 
and more stable than the leading hand of the less 
effective group. 

The charge-hands of the two groups differed 
significantly in personality and health, the differences 
appearing to influence the output of their respective 
groups. 

Contrary to expectation, the group which was 
less healthy and industrially less effective, had less 
absenteeism than the other group. 

The healthier group showed higher group cohe- 
sion, as measured by friendships extending beyond 
the workshop. 

The industrial effectiveness of the group appeared 
to be more dependent on the homogeneity than on 
the range of abilities of its members. 


We wish to thank our colleague, Dr. Alastair Heron, 
who joined the research team after the completion of 
this work, for his special assistance in the statistical 
treatment of the production data. Throughout the 
research, the firm’s industrial medical officer, Dr. D. 
Malcolm, assisted in every way, and his support helped 
considerably to increase the workers’ confidence in the 
research nature of the work. Professor Aubrey Lewis, 
Hon. Director of the Unit, and Professor Ronald Lane, of 
the Department of Occupational Health of the University 
of Manchester, made themselves continuously available 
for consultation; their advice, encouragement, and 
criticism were of the greatest value. Lastly, the workers 
on the conveyor belts concerned not only actively 
cooperated in the research project while engaged on 
the belts, but also willingly endured the interview, and 
without their help this investigation would have been 
impossible. 
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APPENDIX 


Pencil and Paper Tests.—Four tests were included in 
this group. 

Thurstone’s Reasoning Sub-Test.*—This was employed 
as a brief test in the cognitive sphere (instruction 
approximately four minutes ; performance six minutes ; 
total 10 minutes). A “g” factor loading of 0-8 is 
reported for this test. 


Crown's Word Connection Test.—This is a modified 
word association test; two possible associations are 
supplied for each of 50 words, one characteristic of 
normals, one of neurotics. This was employed to assist 
in the gross screening of neurotics (Crown, 1947). 

Sentence Completion Test.—This was introduced as 
an alternative method to word association, and its even 
more restricted modification of word connexion. Words 
or short phrases were given for completion into sentences. 
A 20-question test was devised with some five stimulus 
phrases relevant to the industrial setttng. A time limit 
of 20 minutes was set. Only qualitative aspects of the 
responses were afterwards considered. No attempt was 
made to score quantitatively (Rotter and Willerman, 
1947). 


Maudsley Medical Questionnaire.—The label 
** medical * was to reduce the suspicion of probing into 
mental difficulties. It contains some 40 questions 
bearing mainly on neurotic and hypochondriacal com- 
plaints, and on a few medical topics. Various items 
also deal with inferiority and lack of sociability. 


U.S.E.S. Finger Dexterity Tests.—-These cover parts 
O and P of the U.S.E.S. General Aptitude Test Battery 
(1947). Both “assembly” and “ disassembly were 
used and scores noted over 90 seconds and 60 seconds 
respectively. Primarily these measure the ability to 
move the fingers and manipulate small objects with the 


* From Primary Mental Abilities, 1947. 


fingers, rapidly or accurately. Secondarily, the scores 
are said to be inversely related to neuroticism (Eysenck, 
1947). 


Physiological.—Two physiological tests were employed 
to measure body sway and persistence. 

Static Ataxia (Body Sway).—Significant correlations 
have been demonstrated between total sway when 
standing erect without visual aid and neuroticism. The 
maximum antero-posterior movement of the head was 
measured while the subject stood erect with the eyes 
closed over a period of 30 seconds. 


Persistence (Mercury Column).—This endurance, or 
persistence, test is part of the Flack battery evolved in 
the measurement of flying efficiency and flying strain 
(Med. res. Counc., 1920). With nose clipped the subject 
expires deeply through the mouth and then, after a 
full inspiration, blows the column of mercury in a 
manometer steadily to a height of 40 mm. and maintains 
it at that level for as long as possible without breathing. 
The time during which the mercury column is sustained 
is measured in seconds. 


Social Aspects.—In the course of the interview workers 
were asked about their work-friendships; how far 
they were limited to the canteen, how far to their own 
group, how far they extended outside the works. An 
indication was thus obtained of the degree to which 
group or sub-group cchesion existed. While not as 
ambitious as the Moreno sociogram, this simple method 
provides a measure of the actual social bonds within 
the group, or of positive personal relations. 
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ACUTE PHENOL POISONING 
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Cases of phenol (C, H; OH) poisoning were more 
frequent in the past than they are today. Approxi- 
mately 50°, of those reported have terminated 
fatally. An oral dose of | g. phenol may be lethal 
to man, although it has been recorded that patients 
have survived the ingestion of 65 g. (Kobert, 1906). 
The following cases have been reported :— 

Severe acute intoxication occurred in a 3-year-old 
child, whose scalp was treated accidentally with 
pure phenol instead of a dilute solution. The 
mistake was discovered four minutes after appli- 
cation, when the child became unconscious (Brown, 
1895). 

A nurse, whose thumb and index finger were 
contaminated with pure phenol, accidentally touched 
the groin of a 7-day-old infant, leaving two patches, 
one the size of a sixpence and the other of a half- 
crown. Severe convulsions were observed within 
five minutes, ending fatally 10 hours later (Abrahams, 
1906). 

A 13-year-old girl accidentally poured pure 
phenol over the scalp and cheek ; she died within 
two hours (Gibson, 1905). 

A man accidentally broke a bottle of dilute 
phenol in his pocket. The contents ran down his 
thighs, and he showed signs of systemic intoxication 
within five minutes. The toxaemia was charac- 
terized by severe cyanosis, stertorous breathing, 
vomiting, coma, the abolition of reflexes, pin-point 
pupils, and lowering of body temperature (Turtle 
and Dolan, 1922). 


Absorption of Phenol and Metabolism 


Phenol is readily absorbed by ingestion, inhalation, 
and through the skin. Deichmann and Witherup 
(1944) state that the rate of absorption of phenol 
through a rabbit’s skin depends primarily on the 
area exposed, and not upon the concentration of 
the substance. According to Jackson (1939) absorp- 
tion from the stomach, normally slow, is affected 
by the type and quantity of food it contains. 

Phenol is disposed of by oxidation and excretion. 


Approximately 72°, of a sub-lethal dose in a rabbit 
is excreted in the urine within 24 hours, either as 
free phenol or as phenol conjugated with acids 
(Deichmann, 1944). 


Signs and Symptoms of Acute Poisoning 


Swallowing causes intense burning in the mouth 
and throat followed by acute abdominal pain, and 
the breath has a characteristic odour. Symptoms 
of shock may occur with dizziness and vomiting. 
The pupils become contracted or dilated and 
cyanosis can become marked. The respiratory rate 
increases at first, but may later decrease in rate and 
volume. The pulse is usually weak and slow, 
although it is occasionally rapid. The temperature 
fluctuates. The urine may be dark-coloured and 
oliguria may develop. 

Reflex activity is lost. General tremor or 
tonoclonic convulsions may occur, but are not 
marked. Weakness, collapse, and loss of con- 
sciousness may occur in a few minutes. 

Early death from respiratory or cardiac failure is 
due to shock. Delayed death is due to hepatic or 
renal damage. 


Methods of Treatment 


In treating these cases speed is of paramount 
importance. Contaminated clothing must be quickly 
removed and affected areas of the skin flooded with 
warm water. As phenol is only slightly soluble in 
water, swabbing with solvents such as ethyl alcohol 
and methylated spirits should be carried out to 
absorb the surface coagulum. When all phenol has 
been removed, and this can only be assessed by the 
absence of its characteristic smell, the areas affected 
should be covered either with wet dressings of 
saturated sodium sulphate or with oily dressings. 

When the poison has been taken by mouth, 
emetics should be given, or gastric lavage carried 
out until the odcur of phenol is no longer detectable. 
This should be followed immediately by the admini- 
stration of some vegetable oil, such as castor oil, 
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to avoid intestinal damage. Sollmann, Hanzlik, 
and Pilcher (1910) have pointed out that oils 
retard the absorption of phenol and tend to reduce 
local damage. 

Symptomatic treatment consists of allaying shock 
and giving circulatory stimulants, which counteract 
stasis. 


Case Report 


T.M., aged 22, a general worker, was spraying weeds 
with the effluent from a chemical plant, the organic 
content of which was predominantly phenolic. 

A faulty coupling caused the operative to be sprayed 
with the fluid. He was wearing goggles, gloves, water- 
proof coat, and gum-boots, but had omitted to put on 
his protective trousers. 

The following areas of skin were exposed to this 
fluid :—Left thigh, 7 in. * 4 in.; right thigh, 6 in. « 2 
in.; anterior and antero-lateral surfaces of the scrotum 
and penis. 

Copious irrigation with warm water was started 
immediately and continued for 30 minutes. This was 
followed with ethyl alcohol swabbing for 10 minutes, 
and the whole procedure repeated. For at least an 
hour and a half there was a smell of phenol on the 
affected areas. 

The patient developed symptoms of shock within half 
an hour. The temperature fell to 97:2° F; the pulse 
was 62 and of poor volume. The respiratory rate was 
slightly raised, and the respirations became stertorous. 
The pupils were contracted and reacted sluggishly to 
light and accommodation. For a period of half an 
hour there were convulsive movements of the left leg. 
All other reflexes were normal. 

After two hours’ treatment the affected parts of the 
skin were dressed with a saturated solution of sodium 
sulphate, and the patient was referred to the local 
hospital for observation. 

Recovery from shock was almost complete when the 
patient was admitted to hospital, and on the following 
day there were no clinical signs of intoxication. The 
burns were superficial. They were treated with spirit 
dressings and rapidly healed. 

There was evidence of minimal liver damage. On 
the day following admission, the serum bilirubin was 
slightly raised to 1-7 mg.°4 (normal range up to | mg.°%), 
and the direct Van den Bergh reaction was positive, with 
a direct/indirect quotient of 40°, (Gray, 1947). Other 
tests for liver function were normal. The urine was not 
examined for phenol until four days after admission, 
when tests were negative. One week later the Van den 
Bergh reaction was negative and readings normal ; the 
serum bilirubin level was 0:7 mg.°,. 

The patient was discharged from hospital on the 
seventh day. 


The Effluent 


At the time of the accident it was assumed that 
the total phenolic content of the effluent used was 
less than 3°, but analysis showed the following :— 


Low boilers (probably alde- 

i oilers (resinous 

Para cresol .. 12% 
Meta cresol 
Ortho cresol >.. 2% 
and others 


Phenol is immiscible with water below 68°C., the 
lower organic layer consisting of phenol with a 
little water, and the upper aqueous layer a dilute 
solution of phenol (Findlay, 1942). The actual 
concentration of each layer is influenced by the 
temperature of the water according to the following 
table (Seidell, 1941) :— 


SOLUBILITY OF PHENOL IN H,O AT VARIOUS 


TEMPERATURES 
Percentage by Weight 
Upper Layer Lower Layer 

orc 63 80 

10°C 75 | 75 
20°C 8-3 72:1 
40°C 9-6 } 66:9 
60°C 16-7 55-4 
65°C 21-9 49-2 

68-3°C 33-4 


On this occasion the temperature of the fluid was 
between 10°C. and 20°C., and it seems probable that 
a high proportion of the lower layer was sucked 
from the effluent settling tank into the spray con- 
tainer. This was then used undiluted for spraying. 


Discussion 

The toxicological hazard of phenol and its 
derivatives must never be under-estimated, and the 
mishandling of these substances can easily result in 
serious consequences. 

Although unconfirmed by phenol excretion tests, 
circumstantial evidence would seem to justify a 
diagnosis, in the case described, of acute phenol 
poisoning. A _ direct positive Van den Bergh 
reaction, confirmed by the direct/indirect quotient 
finding, together with a raised serum bilirubin 
content would indicate some degree of liver damage. 


It is known that phenol is partly detoxicated by the’ 


liver. As the renal threshold for bilirubin is above 
1-7 mg.°, in the serum, one would not, therefore, 
expect to find anything abnormal in the urine 
analyses apart from the phenolic content. 

If immediate treatment had not been undertaken 
and continued for some time, or if a larger area of 
skin had been affected, it is highly probable that 
the results would have been far more serious. 
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Summary 


The toxicological hazard of phenol has been 
discussed. The rapidity of onset of toxic symptoms 
after exposure to this substance has been illustrated, 
and the necessity for treating phenol and its com- 
pounds with due care is stressed. 


I am indebted to Mr. S. Mottershead of the North 
Ormesby Hospital, Middlesbrough, for permission to 
quote from his case notes. 
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SIR LEONARD HILL 
MB., LL.D., F.R.S. 


We regret to an- 
nounce the death on 
March 30, 1952, of Sir 
Leonard Hill, at the age 
of 85 years. 

Leonard Erskine Hill 
was born at his father’s 
school at Tottenham 
on June 2, 1862. He 
came from a_ family 
that had made notable 
contributions to liter- 
ature and the public 
service. His father, 
George Birkbeck Hill, 
was a_ distinguished 
Johnsonian scholar, his 
great uncle, Sir John 
Scott, was legal adviser 
to Lord Cromer in Egypt and a judge in India. One 
of his brothers, Sir Maurice Hill, was a judge of the 
High Court, and another, Sir Norman Hill, was a 
well-known legal authority on shipping. 

Leonard Hill was educated at his father’s school, and 
later at Haileybury, and from there he was sent to study 
medicine at University College, London. After gaining 
medals in anatomy and physiology he became a house 
surgeon at University College Hospital, and then, 
inspired, as he used to say, by a lecture by Burdon- 
Sanderson, he applied for and gained the Sharpey 
Scholarship in physiology and began work in Sharpey- 
Schafer’s department at University College. For a time 
he worked in Oxford as assistant to Burdon-Sanderson, 
and then returned to University College. Just after the 
turn of the century he went to the London Hospital 
Medical College to teach physiology, and when the 
university chair was created there he was appointed 
to it. This chair he held until 1914, when he joined 
the National Institute of Medical Research at Hampstead 
as director of the Department of Applied Physiology. 
Hill retired from the service of the Medical Research 
Council in 1930, but he did not remain idle. For some 
time after this he was director of research at the St. John 
Clinic and Institute of Physical Medicine. 

He was concerned essentially with human physiology. 
In his early days at University College, he investigated 
the cerebral circulation, and his book on this subject 
was published when he was only 30 years of age. 

In the last decade of the nineteenth century Hill 
turned his attention to compressed-air illness, a subject 
which was to interest him for the rest of his life. His 
book on caisson sickness appeared in 1912. With 
colleagues at the London Hospital he made arduous 
studies of the effects of high pressures, and of the use 
of decompression chambers. After the first world war 


he and H. E. Soper produced a new series of diving 
tables. 

It is, however, for his outstanding contributions to 
the science of ventilation that Leonard Hill will be 
best remembered. As far back as 1862, Pettenkofer 
had suggested that the ill effects experienced in crowded 
and ill-ventilated rooms were due to minute amounts 
of organic substances exhaled by the lungs and skin. 
Thereafter, for many years there was much controversy 
about this anthropotoxin theory. In the last decade 
of the nineteenth century serious doubts had been cast 
on the validity of the theory, but it was still widely 
believed. The death blow was given to it by the work 
of Hill and his colleagues which was published in 1913. 

Thirty years before that the ill effects of high humidi- 
ties in hot atmospheres had been shown, and during 
the first decade of this century, mainly due to the work 
of J. S. Haldane, the importance of the wet-bulb 
temperature as an index of heat was accepted. It remained 
for Leonard Hill to confirm the profound influence 
of air movement in moderating the effects of high 
wet-bulb. temperatures, and also to emphasize its effect 
in producing invigorating conditions at more usual 
levels of temperature. 

Hill’s report on ventilation and the effect of open 
air and wind, issued by the Local Government Board 
in 1914, was of outstanding importance. It re-orientated 
ideas on ventilation and gave a new stimulus to research. 
In it Hill gave a dramatic description of the experiments 
on medical students which showed the effects of air 
movement, or the lack of it, in hot and moist conditions, 
and he also introduced his kata-thermometer as an 
instrument for use as an index of the combined effects 
of air movement, air temperature and, if desired, 
atmospheric humidity on the removal of heat from the 
body. In a paper by Hill, Martin Flack, and O. W. 
Griffith, which appeared in the Philosophical Transac- 
tions of the Royal Society in 1916, formulae were given 
relating the “cooling power’, as measured by the 
kata-thermometer, to the air speed. Two further reports 
by Hill, on * The Science of Ventilation and Open-Air 
Treatment "*, were published by the Medical Research 
Council just after the first world war, and these amply 
demonstrated the value of the kata-thermometer in 
studies of ventilation. Since that time the instrument 
has proved its value as a means of measuring air speeds. 

In the evidence he gave to the Departmental Committee 
on Humidity and Ventilation in Flax Mills and Linen 
Faciories in 1914, Hill described observations that he 
had made with the kata-thermometer in a number of 
spinning rooms and weaving sheds, and he advocated 
means of stirring up the air. 

In 1913 a Select Committee of the House of Commons 
called on Hill to give evidence on the ventilation of the 
Debating Chamber. Hill made recommendations 
designed to create pleasant and variable air movement 
around the heads of the Members, while avoiding 
chilling the feet. Nearly 40 years later the principles 
that he advocated have been applied in the new Chamber. 

During the first world war Leonard Hill was a member 
of the Health of Munition Workers Committee of the 
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Ministry of Munitions. He was mainly responsible for 
a memorandum on the ventilation of factories which 
that Committee issued. Great stress was laid on the need 
for adequate and variable air movement. In_ later 
publications Hill emphasized the stimulating effects of 
variable conditions, and later extensive work by others 
has entirely supported this thesis. He was also respon- 
sible for two memoranda on the nutrition of munition 
workers that were published by the Committee. 

After the first world war Hill continued his studies 
of physiological aspects of ventilation, of the effects of 
radiant-heat—both solar radiation and long wavelength 
and of the effects of exposure to high temperatures. 
He also studied open-air treatment and the effects of 
sunshine. 

Hill was elected a Fellow of the Royal Society in 
1900 and was knighted in 1930. For his work on 
ventilation he was made an honorary associate of the 
Royal Institute of British Architects, and for some 
years he was President of the Sanitary Inspectors’ 
Association. He was also a member of the Medical 
Advisory Boards of the Navy and of the Army. 

He is survived by a widow, a daughter, and four sons, 
one of whom is Professor A. Bradford Hill, C.B.E., a 
member of the Editorial Committee of this journal. 

THOMAS BEDFORD. 


Sir Arthur Keith writes :— 

Come October next it will be 57 years since I first 
met Leonard Hill, but the impression he made on me 
remains fresh and clear. The occasion was the London 
Hospital dinner which marked the beginning of the 
winter session of 1895-96; we were both newcomers, 
for he had just been appointed lecturer on physiology 
(his first lectureship) in the Medical College of the 
Hospital, while I had been given a corresponding post 
in anatomy. We were of the same age, both of us 29, 
he happily married, I still a bachelor. I was very 
anxious to meet the man with whom I hoped to col- 
laborate. We met in a crowded doorway. His face 
was clearly alive, radiating a natural and constitutional 
happiness, but he was plainly contemptuous of external 
appearances, for his evening suit had long become 
many sizes too small for him. That did not disturb 
him in the slightest. There was nothing secretive about 
him; his thoughts and speech were free and open, 
often critical but never unkind. He was honest in word 
and in deed ; honesty was his ruling passion. His con- 
tempt was reserved for the pretentious, the sentimentalist, 
and the coxcomb. 

Hill and I were colleagues for 13 years, from 1895 
to 1908, when I went to the Royal College of Surgeons. 
During that period my early impressions were confirmed. 
He was absolutely devoid of pretence. Nature had 
bestowed on him too many mental gifts; he had in 
him the making of a great artist—a painter. His desire 
for life in the open air was a passion, ; he never took 
kindly to hours of prolonged study, yet the devising of 
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experiments, and the carrying them out gave him 
manifest pleasure. 


E. L. Collis writes :— 

The passing of Leonard Hill awakes many memories 
of bygone days. First I recall him communicating 
some exhibit to the Oxford University Junior Scientific 
Club, a muscle-nerve preparation which would not stop 
twitching like the dry battery in the Clarendon Labora- 
tory which won't stop ringing. 

The young Hill, just qualified at University College, 
was at home with his distinguished father, G. Birkbeck 
Hill, the student of Dr. Johnson, who was working at 
Pembroke College. I see him as a young man in a 
velveteen coat, a low cut shirt and red tie. From his 
father he must have inherited his love of children shown 
in his books for children. A little girl, a friend of the 
old man (now my wife), tells me how when she went 
to see him her sympathy was demanded for his tabby 
cat that unfortunately every day lost her appetite after 
meals! 

After those early days Leonard passed into the realms 
of pure science as a physiologist, but when I came 
later to follow industrial medicine I found him there 
established on account of his research on caisson disease 
which had previously puzzled doctors ; it was only an 
example of the way in which he always sought to give 
practical and useful turns to his own speciality. In 1915 
we found ourselves members of the Health of Munition 
Workers Committee. Industrial medicine attracted 
Hill, and it was for testing the atmospheric conditions 
in factories that he devised his kata-thermometer. He 
found troublesome the preparation of his work for 
publication. I recall Fletcher one day tearing his hair 
as he pointed to a hat box containing innumerable 
scraps of paper pinned together, “* That is Hill’s MS. 
on his kata-thermometer.”” When writing to my old 
friend on the occasion of his diamond wedding, I 
reminded him of this to his great delight. 

How he became a friend of Sir George Newman, 
chairman of the Health of Munition Workers Committee, 
is of interest. When food rationing was first coming, 
Hill thought it important that meat, and not bread 
should be rationed. We organized a meeting to con- 
sider the matter on behalf of the munition workers, 
but I had not been able to coach Newman beforehand 
and he was at a loss. When appealed to he escaped 
by picking a quarrel with Hill, and the meeting ended 
in confusion. Then said Hill to me, “ Your friend, 
Newman, may be a great civil servant, but as a scientist 
he’s a B.F.”’ I left him and walking down Whitehall 
caught up Newman who turned and said to me, “ Collis, 
your friend Hill may be a great scientist, but to get 
anything done he’s a B.F.” I told each of the other. 
They embraced, and meat was rationed after all and 
not bread. 

Hill and I were together on the Medical Research 
Council’s Tuberculosis Committee which was responsible 
for the first publication of the M.R.C, 
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Gassing Casualties : A System of Labels for Gassing 
Casualties Sent to Hospital. 1952. Association of 
British Chemical Manufacturers, 166, Piccadilly, London, 
W.1. Pp. 54. Price 3s. 


Over a quarter of a century ago the Factory Depart- 
ment of the Home Office (now of the Ministry of Labour 
and National Service) issued a card outlining the diag- 
nostic points of infections of workers due to the anthrax 
bacillus. These cards were designed as a means of 
attempting to ensure accuracy of diagnosis amongst 
workers in those industries where wool and hides could 
possibly cause infections either of the skin, of the 
gastro-intestinal tract, or of the lung. The essential 
object was that the management of the works should 
be aware of the dangers of anthrax and should be able 
to send a man to his own doctor or to hospital with 
a small card which was in effect a diagnostic aide 
mémoire to those who would be responsible for his 
treatment. Since that time similar devices have been 
designed for caisson workers and in the wider field of 
medicine for those who suffer from diabetes. 

This brief account of the historical background 
focuses properly the efforts of the Works Safety Com- 
mittee of the Association of British Chemical Manu- 
facturers, which in 1950 appointed a panel composed 
mainly of industrial medical officers, to investigate the 
means by which a correct history and diagnosis of cases 
of gassing accidents occurring in chemical works could 
be sent with the patient from the works to the hospital. 
The result, a booklet, ** Gassing Casualties,’ deals with 
50 gases and contains 19 labels, which are essentially 
guidance notes for medical officers. The labels deal 
with various groups of gases with a similar pathological 
effect, or with single gases which are unique in their 
effect, and which require a specific antidote of a particular 
strength or of an unusual nature, e.g. hydrogen cyanide. 
Those gases with an acute effect, such as fluorine and 
hydrofluoric acid, or those with a dangerous latent 
period between exposure and the development of clinical 
manifestations, are grouped according to their special 
pathological action. 

During its initial deliberations the Works Safety 
Committee had some little anxiety lest doctors should 
resent what amounts to a clinical history being presented 
not, as is usual, by a professional colleague, but perhaps 
by a lay member of the works. Though the label would 
when possible be signed by the industrial medical officer 
or the industrial nurse, in a great many instances it 
might perforce be filled in by, for example, the foreman 
or the works manager, who might be the one man 
who could give a correct account of the gassing accident. 
Fears of this nature were dispelled following discussion 


with hospitals and medical organizations and by the 
acceptance of the scheme by the Association of Industrial 
Medical Officers. 

It is well known that the term “ gassed“ applies to 
a multitude of various noxious substances, and that the 
term itself is insufficient for the initiation of correct 
treatment. The gassing casualty labels are so designed 
that they give, in addition to the employer’s name, and 
the name and address of the patient, the name and 
description of the harmful substance to which the 
worker was exposed, together with details of the degree 
of exposure. Brief one-line notes are given on the 
nature of the gas and its pathological effects, and the 
remainder of the label is divided into a number of sections. 
These deal with (1) first-aid treatment already given at 
the works: this section informs the hospital about the 
action already taken and also acts as a reminder to the 
first-aider in the works. (2) Immediate treatment 
recommended: this section sets out the treatment 
which may be applied in the works surgery if sufficiently 
skilled staff is available, or should be given immediately 
on arrival at the hospital. (3) Subsequent treatment 
recommended: this section sets out the treatment 
which may be required when the immediate distress has 
subsided, and may not need to be applied until some 
time after the casualty has been admitted to hospital 
or has reached home. 

This attempt to ensure correct diagnosis and the 
appropriate emergency treatment without delay should 
be regarded as one of outstanding merit, and the Asso- 
ciation of British Chemical Manufacturers and, indeed, 
the chemical industry, is to be congratulated on intro- 
ducing a system which should be valuable to all doctors, 
either in general practice or hospital. It must be stressed 
that the labels are not intended as instructions to medical 
staff who are familiar with the action to be taken, but 
rather to give guidance to a casualty officer faced with 
the need for immediate action in an unfamiliar type of 
emergency and one which he could follow with safety 
pending the arrival of more experienced medical help. 

A. J. AMOR 


The Human Use of Human Beings. By Norbert 
Wiener. (Pp. 229 and index.) London: Eyre and 
Spottiswoode. 1950. 


Dr. Wiener’s earlier books on “Cybernetics, or 
Control and Communication in the Animal and the 
Machine” daunted the non-mathematical by the pro- 
fusion and the complexity of the mathematical formulae 
which it contained, and irritated the mathematicians 
by its errors and omissions. In spite of this, the book 
has had a tremendous effect and has resulted in many 
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small groups of mixed disciplines meeting together in 
this country and in the U.S.A. to exchange ideas about 
this provocative new point of view in biology and 
human affairs. Dr. Wiener has now written a book for the 
layman in which he entirely avoids mathematical 
symbolism and attempts to emphasize the social con- 
sequences of the new insights. 

The first chapter gives a brief outline of cybernetics 
in which the significance of feed-back is mentioned, 
but rather more space is devoted to the argument that 
information in communication systems can usefully be 
regarded as the negative of probability and of entropy. 
These ideas are further developed in a chapter on 
“Progress and Entropy” in which, however, he very 
soon plunges into a discussion of the ultimate fate of 
the universe and the illusory basis of ideas about the 
inevitability of progress. From that point onwards the 
arguments, although interesting and sometimes fascina- 
ting, often seem to have little relevance to cybernetics ; 
there is, for instance, a good deal about the philologist’s 
contribution to the understanding of language and 
semantics, and even more about the present social and 
political crisis in America. When Dr. Wiener speaks 
of the nature of the new industrial revolution in which 
we are unwittingly involved he speaks with authority, 
for he has taken a leading part in the development of 
systems of automatic control which include judgment 
and memory. He argues that just as the first industrial 
revolution has up to the present displaced man and 
beast as a source of power, so in a more completely 
automatic age, the more mediocre skills and judgments 
will become redundant. This new era is not remote 
but might arrive in the U.S.A., especially under the 
pressure of a war economy, in a matter of a very few 
years. He describes the possible results as a decade or 
more of ruin and despair in which the depression of 
the °30s would seem a pleasant joke. 

Medicine is still facing the social consequences and 
the diseases of the older industrialization ; it is depres- 
sing but nevertheless probably necessary to begin to 
think about the consequences of the next phase. As 
Dr. Wiener puts it, the “ know-how” of the tech- 
nologist, which is what government is becoming, is not 
enough; the “ know-what”, which involves a con- 
sideration of human values and human aims, is much 
more necessary in the long run, and this implies the 
fullest realization of the human capacities of the 
governed—the human use of human beings. 

T. FERGUSON RODGER 


Health Education: A Guide to Principles and 
Practice. By Cyril Bibby. (Pp. 222. 17s. 6d.) London : 
Wm. Heinemann. 1952. 


This book is written to cover the whole range of 
health education. It is not a textbook of hygiene but 
something much more valuable—a series of essays 
endeavouring to give a liberal orientation to what may 
be described as the newest of the humanities. The 
chapters cover in a general way the philosophy, facts, 
and media through which health education is done, 
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and try to apply these particularly to home, school, 
college, and the community environment. Industrial 
aspects are only hinted at. 

In such a general review of a vast subject it is inevitable 
that Mr. Bibby’s study is extensive rather than intensive, 
but in a subject where so little research has been done 
it is safer to treat it somewhat superficially. 

The author has a wide cultural background and a 
sympathetic and _ sensitive appreciation of human 
motivation. It is precisely these qualities which are 
sO precious in workers in this field; as Mr. Bibby 
constantly implies, it is the attitudes which field workers 
communicate towards health and disease which are 
more important than a knowledge of the facts. 

Since Mr. Bibby is concerned mainly with the training 
of teachers it is understandable that the accent should 
be mainly on schools and the whole of health education 
seen from the teacher’s point of view. The impression 
that this orientation gives is by no means a reflection 
on the way in which health education is in point of 
fact done, but the health visitors, midwives, and medical 
officers, on whom so much depends, will find much 
refreshing and provocative material. 

The appendices, which were obviously the subjects 
of considerable thought and effort, are useful summaries 
focusing points for the practical worker, though the 
draft syllabus for a qualification in health education is 
still only at the stage of a “letter to Nature” 

The directory of health education organizations, 
though a prodigious achievement, is perhaps out of 
place in such a volume. 

The book can be safely recommended to all those 
seriously interested in the subject, and will be of interest 
to any concerned in health or education, or those 
debating the question, ‘* What shall I tell my child?” 

J. BURTON 
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environment ; general. Not all sections will necessarily be represented in any one issue) 


ENVIRONMENT 


Accidents in Coal Mines.* Bryan, SIR ANDREW. (1952). 
Iron and Coal Trade Review, 164, No. 4372, 193. 


For statistical purposes in this country, accidents in 
coal mines fall into three classes, generally known as 
“fatal accidents”, serious non-fatal accidents and 
“plus three-day accidents”. A fatal accident is one 
where the person is killed instantaneously or who dies 
of its effects within one year of having sustained the 
accident. Serious, non-fatal accidents comprise not only 
accidents causing fracture of the hand or of any limb or 
any dislocation of any limb or any other serious personal 
injury, but also accidents resulting in any personal 
injury, however slight, which are caused by certain 
specified happenings such as explosions, shot-firing, 
electricity, or overwinding of cages. Very often persons 
are only slightly injured from these causes, and thus it 
happens that the recorded figures each year for the 
number of serious, non-fatal accidents comprise an 
appreciable number in which the injuries are very minor 
or trivial. Fatal and serious non-fatal accidents must 
be reported forthwith to the Inspector of Mines. The 
“plus three-day accidents *’ comprise all accidents not 
reported in the two other categories but which disable a 
person for more than three days. These accidents are 
reported annually to the Inspector. 


Fatal and Serious Non-fatal Accidents 


Over the years 1850 to 1930, the average annual death 
roll remained about, or a little above, 1,000. During 
the whole of this time the man-power employed was 
increasing—from about a quarter of a million in 1850 
to rather over one million in 1930, so that the death 
rate fell from about four per 1,000 persons employed in 
1850 to just over one per 1,000 in 1930. Since 1940 
there has been a more or less continual fall in fatal 
accidents to 468 in 1948, 460 in 1949 (the lowest figure 
ever recorded) and 493 in 1950 (despite a disastrous fire 
at Creswell in Derbyshire involving 80 deaths, and an 
inrush of liquid peat or moss at Knockshinnoch 
in Ayrshire involving 13 deaths). The rate per 1,000 
persons employed in 1950 was about 0-7. A more 


1922. Between that year and 1940, it remained around 
or above 0-46; in 1941 and 1942 there was a rise to 
0°43 and 0-46, respectively ; and this was followed by a 
more or less steady and continuous decline to a record 
low figure of 0-25 in 1948 and 1949, the 1950 figure 
being 0:27. 

Serious non-fatal accidents have declined steadily 
since figures were first collected in 1900. The fall in the 
serious injury rate in the past 50 years was from about 
5-5 per 1,000 persons employed in 1900 to just under 3-0 
in 1950. On a man-shift basis there were about 1°65 
serious injuries per 100,000 man-shifts worked between 
1920 and 1930, while by 1950 this rate had fallen to 1-13. 


The Plus Three-day Accidents 


Most of these accidents are comparatively minor cuts, 
bruises, abrasions, or similar injuries. Unlike the fatal 
and serious non-fatal accidents the total number has not 
decreased in recent years. Indeed, they have increased, 
and during the year 1950 amounted to as much as one 
for every three persons employed in the industry. An 
analysis of these accidents, however, suggests that their 
number is also influenced by factors other than the 
general safety conditions of the mine, such as changes in 
workmen’s compensation and industrial injury benefits, 
the effect of a high rate of income tax and its variation 
with earnings under the British “ Pay-as-you-Earn ” 
system under which a worker can recover over-payments 
during a period of absence from work, the encourage- 
ment given to miners in recent years to report and have 
all injuries properly treated, however trivial, and to the 
general trend of social legislation. It is difficult to assess 
the weight of these extraneous factors but the general 
view is that the incidence of fatal and serious accidents 
gives a far more reliable measure of the safety conditions 
of a mine than the incidence of minor accidents. 


TABLE | 


RELATION OF NUMBER OF PERSONS EMPLOYED IN 
MINES TO NUMBER OF PERSONS DISABLED FOR MORE 
THAN THREE DAYS 


1946 1947 1948 1949 1950 
significant rate than the number of fatalities per 1,000 
persons employed is probably the number per 100,000 Persons employed 715,600 | 728,800 750,300 | 747,100 | 724,500 
man-shifts worked. This rate is only available since Persons disabled 
- for more than 

* Based on a paper communicated to the British Association, three days 167,200 162,500 182,600 229,000 237,800 
August, 1951. 
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Table 1 shows the position in respect of the number of 
persons employed in mines under the Coal Mines Act, 
1911, and the number of persons disabled for more 
than three days for the years 1946-1950 inclusive. 


New Lines of Attack 


Up to the present time, the attack upon the accident 
problem in coal mines has been mainly by way of 
statutory regulation and inspection, assisted by scientific 
research into specific mining dangers and a raising of 
the standards of education and training of mining 
personnel ; and, more directly, by improvements in the 
standards of housing, welfare, and recreational facilities 
for the mining community as a whole. That these 
lines of attack have achieved a considerable measure of 
success over the years is shown by the progressive 
reduction in the accident rates for fatal and serious non- 
fatal accidents. But there is still much to be done along 
these well-established lines and this attack must un- 
doubtedly continue by way of further regulations as new 
mining methods, machines, safety devices, and practices 
are proved ; by way of higher standards of education 
and training for mine managers, officials, and workmen ; 
by increased scientific research into mining dangers ; 
by the general adoption of higher standards of engi- 
neering practice ; and by the expansion of social and 
welfare activities in all mining communities. 

But if the rate of progress in accident reduction is to 
be accelerated, as (to put the matter on the lowest level) 
it must be in view of the present serious man-power and 
production position, then not only must the attacking 
forces along existing lines be reinforced, but new forces 
must also be brought to bear on a still broader front or, 
perhaps, on quite new fronts. 

A preliminary study of absenteeism and of the accident 
rate in one large mining area made it appear that 
accident rates and absenteeism were related to one 
another, and that each in turn was related to the size of 
the pits in which the men, absent or injured, were 
working. These possible relationships were then traced 
on a national scale with practically the same result. 
The trend of absenteeism with size of pit can be seen 
from the Ministry of Fuel and Power Digest, 1944; 
there is a highly significant correlation between the 
average size of the pits in the 25 wages districts and the 
total absenteeism in those districts. 

The trend of the accident rate with increasing size of 
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pit is shown in Table 2 which analyses the distributio 
of all accidents (fatal, serious non-fatal, and ** plus three- 
day *) in 1948 between 10 size ranges of pits. 

The trend of rising total rate with increasing size of 
pit, averaged over the broad size ranges here used, is 
evident. The reasons for this need further investigation. 
At first sight it might seem that it was due to the more 
difficult geological conditions of the bigger pits which 
are normally deeper and work thicker seams. But 
while the accident rate from falls of roof or side at the 
working face almost doubles from the smallest pits to 
those employing between 250 and 499 men, from then 
on it remains practically constant. As the pits employing 
500 men or more account for seven-eighths of the total 
man-power, it is a safe rule to say that while the total 
accident rate increases steadily with the size of pit, the 
face accident rate from “falls of ground” remains 
nearly constant. Thus it is likely that factors other than 
geological conditions are responsible for this rise. 

The South Western Division, which includes the 
South Wales coalfield, has the highest accident rate in 
the country. This is shown graphically in Fig. 1, which 
also shows the national trend of all accidents and of face 
accidents from “falls of ground”. It is desirable to 
inquire why the South Western Division, although 
showing the same trend of accident rate with size of pit 
is, in absolute terms, so much above the national average. 
Here again difficult geological conditions may seem, 
with perhaps greater justification than elsewhere, to 
provide the complete answer. But difficult though the 
geological conditions are, South Wales differs from all 
other Divisions in one significant respect : it has by far 
the highest recorded incidence of pneumoconiosis. It 
is relevant to ask whether this is likely to affect the 
general accident rate. This it might do in two ways: 
it might make the men less alert through physiological 
causes or it might have psychological effects. The fear 
of contracting the complaint may subconsciously increase 
the proneness of men to accident and injury. If an 
accident is partly an expression of a subconscious 
desire to get out of an unacceptable situation, it is 
natural to expect the accident rate to be higher in the 
pits with the larger incidence of the disease. 

To test whether pneumoconiosis may be in part 
responsible for the higher accident rate, the returns for 
pits of the South Western Division for 1948 were again 
examined and the pits classified according to the incidence 


TABLE 2 


ACCIDENT RATES IN RELATION 


TO SIZE RANGES OF PITS IN 1948 


No. of Miners on Books No. of Pits No. of Man-shifts 
(Thousands) 

Less than 100 oe wa 354 1,618 
100-249 82 3,692 
250-499 124 11,701 
500-749 102 16,088 
750-999 7" 112 23,955 
50 21.246 
14 8.756 
2,500-2,999 13 8,693 | 


3,000 and above... | 4 3,528 


Face Accidents Total Rate 


Face Rate 
Total from Falls of _ 


Accidents Roof or Side | Per 100,000 Man-shifts 
1,228 262 16:2 75-9 
3,818 726 19-7 103-5 

15,096 3,335 28:5 129-0 
21,495 5,344 33-2 133-5 
32,295 7,287 30-4 134-6 
44,739 10,401 32-1 138-2 
31,355 6,608 31-6 147-6 
14,243 3,140 35-9 162-5 
14,170 2,815 32-4 163-0 

5,882 1,188 33:7 166-6 
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of the disease and the accident rate. Figures are 
available for all pits employing more than 100 persons 
below ground, giving the number of certified pneumo- 
coniosis cases per 1,000 persons employed between 1943 
and 1949. It is reasonable to assume that at the pits 
with the higher incidence the men would now recognize 
there was a distinct probability of contracting this 
disease ; this might affect morale and might hence be 
reflected in the accident rate. Table 3 shows per 1,000 
miners employed the position for all accidents in 1948 
in the pits in the South Western Division. 


TABLE 3 
ACCIDENT RATES IN RELATION TO INCIDENCE OF 
PNEUMOCONIOSIS (SOUTH WESTERN DIVISION) 


Incidence of No. of Rate per 
Pneumoconiosis No. of No. of — Accidents 1,000 
(per 1,000 persons Pits Miners (All Persons 

employed) Kinds) Employed 
Less than COST 43,577 9,188 
100-2 ve 48 32,494 7,966 245 
Above 200 59 41,223 12,113 294 
Division .. 184 | 117,294 | 29,267. 247, 


A simple statistical test shows that the difference 
between the accident rates at the three classes of pits is 
highly significant. But more comprehensive data are 
needed before it is possible to analyse the relative effects 
of size, on the one hand, and pneumoconiosis, on the 
other. And it is essential to know, in the pits with the 
high pneumoconiosis rates, to what extent the men who 
were subsequently certified contributed to the higher 
rates. These are all questions for further research, and 
the analysis, such as it is, does not pretend to show 
whether the higher rate is due to psychological or 
physiological causes, or how far factors under the control 
of the management, such as poor ventilation, aggravate 
both the accident and pneumoconiosis rate together. 
But the figures do suggest that if the division were 
altogether free of the disease (or of the factors that cause 
the disease), the two curves of Fig. 1 for the South 
Western Division would be closer to the national curves 
than they now are. 


250 
“” 200 
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8 National total average 
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The North Western Division, which comprises the 
coal fields of Lancashire and North Wales, is, as a 
mining proposition, not an attractive one; it is old, 
large parts are exhausted, and geological and working 
conditions, even in the best parts of Lancashire, are 
somewhat difficult and uncomfortable. Yet in 1949 and 
1950 the average accident rate was the lowest in the 
country. It may be that this is partly explained by the 
relatively high percentage of men in the Division who 
have passed through statutory training schemes of some 
kind, either on first entering the industry, or upon 
upgrading for work at the face. The percentage of men 
trained in this Division since the training regulations 
were introduced in 1947 is the highest in the country. 
Further research seems to be needed to find out whether 
it is the trained men who are themselves keeping free of 
accidents, whether their influence raakes the other 
miners more safety-conscious, or whether the department 
responsible for training is able also to affect for good 
to a greater extent than in other divisions the safety 
measures taken in the pits. 

Lancashire and North Wales did not always rank 
first for safety. Among the 25 “ wages districts” into 
which the industry was divided before Vesting Day, the 
rankings of Lancashire were sixteenth and eighth for 
underground and surface accidents, respectively, in 
1923 ; and fourteenth and seventh, in 1937. 

From the figures quoted it does appear that under 
existing conditions men are more likely to suffer injury 
in the larger pits. But a more detailed analysis is called 
for in order to separate from the “ size-factor”™ the 
other influences, such as training and safety organization, 
and the extent of personal supervision by the higher 
management, on the one hand, and physiological and 
psychological factors, such as lack of alertness or fear of 
industrial disease, on the other. Such an analysis 
would reveal more than the accident patterns themselves. 
It calls for a study of all the facts of recorded accidents 
at the pits and places where they occurred, as well as a 
ready reference to all available statistics, by a special 
team of trained investigators. 

In the meantime, it is interesting to speculate in 
advance upon the fact that while the accident rate from 
* falls of ground ” at the face seems virtually independent 
of seam conditions, the total accident rate increases with 
the size of the pit. This at once suggests that the 
workers outbye from the coal face grow more prone to 
accident as the community, into whose achievements 
their own efforts fit, increases in size. The face worker 
is—at least in theory—on an individual contract ; the 
outbye worker serves the whole pit. The interest, or 
attentiveness, of the face worker would appear to be 
something fixed and independent of how many other 
men work in the pit, while that of the outbye worker 
would appear to fall off as he feels more and more that 
he is only one man amid the impersonal multitude. 
Hence the interest or the attentiveness of the worker is 
less in the larger pits and his liability to accident increases. 
Such a hypothesis needs to be checked against other 
factors that seem to influence accidents. It would 
appear, for example, that the liability of the haulage 
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worker to injury increases as the number of such workers 
to the mile decreases. In other words, the greater the 
haulage worker's length of roadway, the greater the risk 
of injury that he runs. This suggests that as contact 
between haulage workers becomes more remote, the 
accident rate goes up. It may be that remote contact 
increases the errors of signalling, or that it breaks up 
the working group and hence diminishes interest. 
The value of research into observable features of 
human behaviour, such as the accident rate and its 
relation to the size of the groups or communities in 
which men work, may, in the final result, lie in the light 
it sheds upon the structure of authority in the pit, and 
the extent to which the men feel themselves to be part 
of the organization in which they are employed. What- 
ever the public may think about miners and whatever 
may be attempted in the way of reconstructing the 
industry, coal will always be got by small groups of men 
working in comparative isolation and under remote 
supervision. The need to understand the extent to 
which each man feels he is a member of the group, and 
the extent to which the groups identify themselves with 
the pit as a whole, is one of the most urgent investi- 
gations that confronts the industry today. The recorded 
facts alone can suggest how the need should be met. 


INDUSTRIAL LUNG DISEASES 


Pneumoconiosis among Soot Workers. Brauss, F. W., 
and GARTNER, H. (1951). Med. Weilt., 20, No. 8, 252. 


The investigations described were made in a soot 
factory in the Rhineland where two types of soot are 
made, flame-black from anthracene residues, and 
gas-black by burning vapourized anthracene oil 
mixed with an illuminating gas. Neither contained 
silicic acid but both were of a particle size which enabled 
large quantities of the dust to enter the lung. 

Three hundred and thirty-four soot workers and other 
employees were examined by miniature mass radio- 
graphy, and where possible those with suspected or 
definite abnormalities were further examined with full- 
size films. The results from the miniature films were as 
follows :— 


Result Group 1: 180 Group Il: 154 

Soot Workers Other Employees 
No pathological changes es 94 118 
Probably inactive T.B. foci ‘ 7 14 
Doubtfully active T.B. foci 3 2 5 

Doubtful or definite pneumo- 

COMOSIS 67 5 
Poor technique—no diagnosis . 10 12 
180 154 


The differences between the two groups were evident. 
In those working in soot the proportion of normal 
films was much lower than in the other workers, while 
the number of doubtful or definite abnormalities was 
very much higher. Only 54 of the 77 soot workers 
who should have been re-examined and four others who 
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had not been previously radiographed were examined 
with full-size films ; the results were as follows :— 


Group I: Group II: 
Result Soot Workers Other Workers 
No certain pathological changes 26 1 
Early pneumoconiosis .. ee 17 1 (a welder) 
Definite pneumoconiosis ‘is 11 2 (1 welder) 
54 4 


At least 28 out of the 184 soot workers, i.e., more than 
15°,, had changes in the lungs, and of the 44 workmen 
who had been employed over 10 years, 17 had some 
pneumoconiotic change, and in nine of these the changes 
were quite definite. 

The general picture of radiological changes was 
described as follows. The first signs of soot deposits 
in the lungs consisted of numerous small shadows of 
unequal distribution. They were most numerous in 
the upper and middle zones while the lower zones and 
the apices were less involved. The size of the shadows 
varied between that of a pinhead and of a mustard 
seed. The edges of the shadows were characteristically 
soft and indefinite. The opacities were rather faint, and 
they were certainly less dense than similar opacities 
resulting from the inhalation of rock dust. In more 
advanced cases fine linear opacities were seen originating 
from the individual foci and giving a net-like picture. 
The hilar glands were not enlarged. Two enlarged 
sections of films of two soot workers are given as 
illustrations. The appearances in the original films 


Fic. 1.—Right mid-zone from chest radiograph of a man aged 49 
exposed to soot from anthracene from 1938 to 1951. 
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are exactly like those seen in simple pneumoconiosis of 
coalworkers. 

Some of the workmen with lung changes suffered 
from dyspnoea at work. Of the nine men with more 
than 10 years’ employment and definite pneumoconiosis, 
there were four who were now only capable of light 
work and three of these were not yet 50 years old. 


Fic. 2.—Right mid-zone from chest radiograph of a man aged 49 
exnosed to soot from anthracene from 1924 to 1948. From 
1948 to 1951 he worked as a glazier and labourer. 


Among previous investigations, Lochtemper and 
Teleky (1932) observed radiological abnormalities in 
soot workers, but Béhme (1936) considered soot to be 
harmless and Otto (1940) found no lung changes in 
chimney sweeps. 

Brauss and Gartner found that heavy exposure to soot 
inhalation may continue for years without ill-effect 
but radiological changes may develop after 10 or more 
years’ exposure. In occasional cases, massive fibrosis 
develops. 

These findings in soot workers are relevant to the 
problem of whether coal and graphite pneumoconiosis 
is due to the small amount of silica contained within 
the coal or graphite or is due to the carbon itself. The 
authors have demonstrated that pure carbon can cause 
lung changes on inhalation so it is possible that the carbon 
fraction of the coal itself plays a major part in the 
aetiology of coalworkers’ pneumoconiosis. On the other 
hand there may be a silica effect modified by coal whose 
action, as suggested by Ray, King and Harrison (1951), 
might be to increase lymphatic blockage so that silica is 
retained in the lungs to exert its effect instead of being 
removed to the hilar glands. 
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Pneumoconiosis. A Histological Survey of Necropsy 
Materiai in 1,205 Cases. Gioyne, S. R. (1951). 
Lancet., 1, 810. 


Out of 1,247 lungs, or portions of lungs, received by 
the author during the years 1929-49 for examination 
for the presence of disease attributable to dust, sufficient 
details of 1,205 were obtained for analysis. Of these 
394 came from pottery workers, 302 from coal miners, 
132 from asbestos workers, 103 from stonemasons and 
quarriers, 102 from iron or steel foundry workers, metal 
grinders, or sandblasters, and 172 from workers in 
miscellaneous occupations. Silicosis was found in 796 
cases, other forms of pneumoconiosis in 240 (mainly 
asbestos workers and coal miners), and no pneumoconi- 
osis in 169 (mainly workers in miscellaneous occu- 
pations). 

The mean age at death of asbestos workers was 
considerably lower than that of any other group in this 
series. Tuberculosis was present in 58-6°., of cases of 
silicosis, and in 32°,, of the other forms of pneumoconiosis 
(43°, in the combined groups). Carcinoma of the 
bronchus was found in 7-7°%, of cases showing pneumo- 
coniosis and in 8-3°,, of those without fibrosis due to 
dust ; there may well have been selection in sending 
cases for examination, and no satisfactory control group 
was available for comparison. In the group of asbestos 
workers primary lung tumours were found in 14°, 
(19-°6°,, in males and 9-7°,, in females), and it seems 
certain that this is higher than in the general population. 

H. E. Harding. 


Experimental Asbestosis in Rats. The Effect of Particle 
Size and of Added Alumina. Smiru, J. MacL., Woor- 
TON, I. D. P., and Kina, E. J. (1951). Thorax., 6, 127. 


Rhodesian asbestos dust was obtained of two types : 
with an average fibre length of 2-5 u (‘short fibre”) 
and of 15 uw (“long fibre”). Groups of 30 young 
male rats were given intratracheal injections of 10 mg. 
of long-fibre asbestos, of long-fibre asbestos and alumina, 
of short-fibre asbestos, of short-fibre asbestos and 
alumina, or of alumina alone. The survival time of 
each rat was recorded and the survivors (14) killed at 
the end of 483 days. Short-fibre asbestos produced 
only moderate peribronchial fibrosis, and in 3 animals 
slight interstitial fibrosis ; long-fibre asbestos produced 
in most of the animals examined a moderate interstitial 
fibrosis that appeared to develop from a patchy alveolar 
collapse. The addition of alumina to the asbestos seemed 
to increase the interstitial fibrosis, and no evidence was 
found of any amelioration of the effect of asbestos. 
Alumina alone produced mild interstitial fibrosis in only 
one animal. H. E. Harding. 
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The Reaction of the Lungs to Different Kinds of Coal 
Dust. Ravvin, V. A., and Enyaxova, P. A. (1951). 
Arkh. Patol., 13, 79. 


Bituminous and anthracite coal dust was introduced 
intratracheally into two series of rabbits and the ensuing 
histological changes were studied for a period of | year. 
The silicon content of the dust was estimated and was 
found to be insignificant in both cases. It was observed 
that introduction of anthracite dust caused more severe 
and lasting changes, including the formation of argyrophil 
fibres in the alveolar walls. The authors do not dispute 
the deleterious effect of silicon’ when it is inhaled with 
coal dust, but believe that the difference which they have 
observed between the effect of bituminous coal and 
that of anthracite owes something to the inherent patho- 
genetic properties of the latter. L. Crome. 


The Medical Prophylaxis of Silicosis. ZeEGLIo, P. (1951). 
Rass. Med. industr., 20,65. Bibliography. 


This paper is divided into two parts: in the first the 
literature relating to the prophylactic and therapeutic 
treatment of silicosis is reviewed ; and in the second the 
author's experiments are described and recommendations 
for prophylaxis made. 

In the experimental section the author describes the 
preparation of a 2°, suspension of aluminium hydroxide 
in 1°,, sodium chloride by adding a 2°,, solution of sodium 
carbonate to an equal volume of 2°,, aluminium chloride. 
This suspension, which consists of particles of about 
1 uw diameter, is used to demonstrate the reduction by 
alumina of the solubility of quartz, and the effect of 
alumina in accelerating the aggregation and sedimentation 
of quartz suspended in water, saline, or serum diluted 
with saline. This suspension, which remains stable for 
some hours, is used in an apparatus (not fully described) 
for the production of a prophylactic aerosol. 

To prove the innocuous character of the aerosol, 6 
guinea-pigs were exposed for 30 minutes daily to an 
atmosphere containing about 300 mg. of aluminium per 
cubic metre. (This represents about 10 times the daily 
exposure proposed for the treatment of human subjects.) 
After a year the 6 animals appeared to be in excellent 
health ; 2 were killed, and their lungs were found to 
be normal. 

A second group of 6 adult guinea-pigs were exposed 
for 3 hours twice daily to an atmosphere containing 
quartz particles less than 20u in diameter. Of these 
animals 3 received daily a 15-minute exposure to the 
aluminium hydroxide aerosol. The powdered quartz 
was dispersed by compressed air, a quantity being blown 
into the dusting chamber at hourly intervals. The 
concentration, as determined by thermal precipitator 
samples, varied between 200,000 and 10,000 particles 
per c.cm. 

At the end of 10 months 2 of the animals receiving 
silica only were losing weight, showed accelerated 
respiration, and one of them refused food ; the remainder 
appeared well. Two of each set of 3 were killed. 
Macroscopically, the lungs of the 2 pairs showed slight 
differences—the pair exposed only to silica showed more 
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enlargement of the mediastinal and tracheal lymph nodes 
and their lungs were firmer to the touch. Chemical 
analysis of lung tissue revealed approximately twice as 
much silica in the lungs of those receiving silica only as 
in the others. This was confirmed by the appearance of 
sections under the polarizing microscope. Lung sec- 
tions were stained with haematoxylin-eosin, and with 
van Gieson stain for connective tissue. Examination 
of sections showed invasion of the lung by fibrous 
tissue, and thickening of the alveolar walls leading to 
disappearance of the alveoli from large areas ; occasional 
necrotic zones were seen in this dense tissue. No 
typical hyaline nodules were apparent. Under polarized 
light doubly-refracting particles were seen in the necrotic 
zones, in the perivascular lymphatics, and especially in 
giant cells in the neighbourhood of the alveolar ducts. 
The few remaining alveoli, the alveolar ducts, and the 
respiratory bronchioles were generally empty. The 
animals receiving aluminium hydroxide in addition 
showed changes similar to these, but much less advanced ; 
numerous cellular elements were present in the alveoli 
and bronchioles, including dust-containing macrophages. 

Inhalation of the aluminium hydroxide aerosol was 
well tolerated by 4 volunteers, who remained for 3 hours 
in a chamber containing about 60 mg. of alumina per 
cubic metre. In factories where there is a silicosis risk 
the following mixture is recommended for dispersion as 
aerosol in changing-rooms : aluminium hydroxide, 2°, ; 
sodium hyposulphite, 0-2°,, ; sodium benzoate, 0°5°, ; 
sodium para-aminobenzoate, 0-3°, ; oil of bergamot, 
0-1°, ; water at pH 7:3 to 7:5. Workmen should be 
exposed for 10 to {5 minutes at the end of each shift. 

(The absence of nodulation in both groups of animals 
and the smaller amount of silica in the animals receiving 
aluminium hydroxide are noteworthy and in marked 
contrast to the findings of others [for example, King, 
Wright, Ray, and Harrison, Brit. J. industr. Med., 1950, 
7, 27). As the author remarks, the experiments should 
be repeated with larger groups of animals.) 

J. W. Roe. 


Silicosis in Miners : Classification of the Radiological 
Pictures, Interpretation, Evolution. FaLeys, V. (1951). 
J. belge Radiol., 34, 302. 


It is suggested that the term “ anthracosis ” is mis- 
leading, since carbon alone does not give rise to any 
specific lung picture and the appearances seen may occur 
in other conditions in which carbon is encountered. The 
author accepts as a reasonable 
term ; he asserts that dust particles larger than 3 in 
diameter cannot enter the lungs, and maintains that 
silica, being toxic to the macrophage dust cells, prevents 
these from perforiimg their normal transportation 
activities. Hence the lymphatics become blocked and a 
reactive fibrosis occurs round them with formation of 
characteristic micronodules. If these coalesce they form 
macronodules and have a typical appearance. 

The Belgian Institute of Hygiene for Mines has sug- 
gested a classification for the radiological appearances 
which is similar to that of the French authors Hanot 
and Heck. These are as follows: (1) Normal films. 
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(2) Subnormal films ; some increased opacity and slight 
hilar hypertrophy. (3) The micronodular stage ; this is 
divided into three sections according to degree. (4) The 
macronodular stage: this also has three subdivisions 
according to the degree of observed changes. (5) Cumu- 
lative lesions of irregular outline and considerable extent 
formed by aggregation of numerous micro- and macro- 
nodules. (6) Pseudo-tumours or large areas of fibrosis 
of marked opacity and with irregular outline, some still 
active and others arrested. It is noted that sharp 
divisions between these six stages are not observed, since 
they merge gradually, and also that emphysema is a 
necessary corollary of silicosis. 

By reason of the varying nature of the soil or rock in 
which coal is found the lesions in miners’ lungs must 
vary enormously between one district and another. 
There is some evidence of increased or reduced sus- 
ceptibility, and the author observes in this connexion 
that among a group of heavy drinkers it is impossible to 
point in advance to those who will have cirrhosis of the 
liver at the age of 40. He also suggests that previous 
healed tuberculous lesions probably explain the frequency 
of dust lesions in the subclavicular zones, especially the 
right. Presumably deposition of dust particles here is 
favoured by antecedent scarring. It is stressed that in a 
silicotic lung showing only minor changes there may, 
many years later, be found advanced fibrosis and 
emphysema, though the subject has not worked in a 
mine since he first came for examination. Indeed it 
might seem unwise to ask a miner with early lesions to 
cease work, as he may develop a psychosis, and in any 
case such development is inevitable. The advice to 
continue must necessarily take account of the presence 
or absence of symptoms, which are not always in line 
with the radiological findings. 

But in benign but very early cases, discovered after 4 
or 5 rather than 8 or 10 years’ employment, it may be 
reasonable to suggest that mining be abandoned. Any 
decisions made must depend not only on the radiological 
picture, but on all the other evidence available. 

The development of silicosis is not inevitable in miners, 
and many escape it though working for 25 to 30 years. 
In a group of 3,302 miners with an average of 13 years’ 
work 550 had various lung lesions. The author does not 
discuss tuberculosis as a complication, though this 
occurred in some cases in his series. In the mines 
investigated every miner is examined radiologically at 
2-yearly intervals. Apart from the use of water when 
drilling, it has been found useful to inject water into the 
soft coal before this is brought down ; this procedure 
greatly reduces the amount of dust. G. C. Pether. 


A Survey of the Granite Industry in Aberdeen with 
Reference to Silicosis. Mair, A. (1951). Edinb. 
med. J., 58, 457. 


The dread of silicosis among workers in the Aberdeen 
granite industry has created a real social problem in the 
region for many years. During the last 2 years the 
author has conducted an extensive survey of the extent 
and severity of silicosis in this region in an effort to 
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clarify the position. Practically all workers in the 
monumental side of the industry, totalling 510 men, were 
examined radiologically, and a supplementary examina- 
tion of 33 retired stonemasons was also carried out. 
Clinical examination was omitted in most of these cases. 
The extent of disease was defined radiologically as : 
(1) early reticulation, (2) reticulation, (3) nodulation, or 
(4) massive shadows. The different stages are briefly 
described and illustrated (but little comparison is made 
with the appearances of silicosis as it occurs in other 
industries). 

About 10°; of the stoneworkers had radiological 
silicosis, but in only about 2:5°, was it severe enough 
to entitle the patient to compensation. It was found 
that, on the average, 32 years’ exposure to dust was 
required to produce the first stage of early reticulation, 
and the corresponding periods for the other 3 stages 
were 38, 40, and 42 years respectively. Silicosis in this 
industry appears, therefore, to be essentially a disease of 
old age in its symptomatic stages. The incidence of 
tuberculosis in the stoneworkers was no higher than in 
dust-free occupations where individuals work together 
in groups indoors. D. E. Fletcher. 


Effect of Bituminous Coal Dust and Smoke on the Lungs— 
Animal Experiments. I. Effects on Susceptibility to 
Pneumonia. VINTINNER, F. J., and BaAetser, A. M. 
(1951). Arch. industr. Hyg. occup. Med., 4, 206. 


The experiments reported are a continuation of 
previous work, at the Johns Hopkins School of Hygiene 
and Public Health, Baltimore, on the effect of certain 
dusts on the susceptibility of rats to lobar pneumonia. 
Rats were exposed in a dust chamber to high concen- 
trations of coal dust or smoke. After various periods 
they were inoculated intrabronchially with pneumococci 
type 1, and the results were compared with control 
animals similarly inoculated. Some groups of animals 
were given pneumococci in mucin, which in control 
animals led to a lobar pneumonia. Others were given 
pneumococci in broth, which usually leads to a pneumo- 
coccal septicaemia with or without lobar consolidation. 
In addition to the mortality rate, the incidence of 
infection was estimated in the mucin experiments from 
the number of survivors showing evidence of healing 
lesions in the lung. In the broth experiments, the incidence 
of lobar consolidation of the lungs was similarly estimated. 

No significant differences were found between the 
animals exposed to smoke and the controls in either the 
mucin or the broth experiments. In the mucin experi- 
ment the animals exposed to coal dust for 14 or more 
days showed a lower mortality and infection rate com- 
pared with controls ; no such difference was found in the 
broth experiments. The results are thus similar to those 
previously obtained with quartz and feldspar dusts. It 
is suggested that the dusts may act by affecting the 
protective action of the mucin so that the organisms are 
more liable to attack by the body defences, or another 
possibility is that local mobilization of macrophages is 
stimulated in response to the dust. C. M. Fletcher. 
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Pulmonary Tuberculosis in Dockers (Grainworkers). 
Dunner, L., and Harpy, R. (1951). Tubercle, Lond., 
32, 164. 


During the course of 9} years the authors examined 
192 grain-workers who were exposed to the inhalation 
of a variety of mixed dusts for longer or shorter periods. 
Of these, 75 were found to be suffering from pulmonary 
tuberculosis ; 54 patients had positive and 21 negative 
sputum. The length of time the patient had been 
working on grain ships before the disease was detected 
varied between | and 48 years in the positive group and 
between | and 23 years among the negative cases. Of 
the patients in whom tuberculosis was discovered there 
was a preponderance in the age group 50 to 60 ; 20 of the 
54 with positive sputum and 11 of the 21 with negative 
sputum were older than 50. One in every 6 patients who 
were sent to the chest clinic during the same time was 
found to be tuberculous. 

The authors are of the opinion that the high incidence 
of tuberculosis among grain-workers is due to work 
conditions rather than to socio-economic status. 

Franz Heimann. 


Pulmonary Tuberculosis Mortality in the Printing and 
Shoemaking Trades: Historical Survey, 1881-1931. 
Cairns, M., and Stewart, A. (1951). Brit. J. Soc. 
Med., 5, 73. 


The authors show in their survey that the increase in 
tuberculosis mortality among shoemakers was due to the 
change from working at home to working in factories, 
which introduced the possibility of cross-infection at 
work. That this does occur was confirmed by mass 
radiography, which revealed a _ positive correlation 
between the number of workers and the incidence of 
overt tuberculosis. Among printers the death rate from 
pulmonary tuberculosis was over twice that for all males 
of working age, but in the last 50 years has steadily 
declined. The death rate from all other causes remained 
low in both trades. Franz Heimann. 


INDUSTRIAL TOXICOLOGY 


An Experimental Inquiry into the Cause of Industrial 
Bladder Cancer. Bonser, G. M., CLayson, D. B., 
and Juti, J. W. (1951). Lancet, 2, 286. 


In this investigation into the cause of industrial bladder 
carcinoma the carcinogenicity of S-naphthylamine, a dye 
intermediate which has previously been tested by other 
workers, who fed it to various species of animals, was 
again assessed. The results confirmed the outstanding 
sensitivity of dogs, and in these animals alteration of the 
PH or urine from acid to alkaline made no difference to 
the rate of induction of tumours. In mice no bladder 
tumours developed ; in rats and rabbits benign bladder 
tumours appeared only after prolonged administration of 
the chemical. Urinary estimations of 2-amino-1-naphthol 
conjugates during these experiments showed that there 
are species differences in the excretion of $-naphthylamine. 
An approximate correlation exists between susceptibility 
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to tumour formation and the amount of these conjugates 
excreted. In bitches the concentration of the conjugate 
in urine compared with plasma was about 200 to 1. The 
carcinogenic activity of 2-amino-l-naphthol hydro- 
chloride on bladder epithelium was tested in mice by 
inserting into the bladder a wax pellet impregnated with 
reagent. A carcinogenic potency comparable with that 
of 20-methylcholanthrene was observed. 

Hydroxy derivatives of an aromatic amine have not 
previously been shown to be locally carcinogenic. The 
authors do not claim that a 2-amino-1-naphthol conjugate 
is the only carcinogenic metabolite of 6-naphthylamine, 
but that it seems to be the one which is present in the 
greatest quantity in dogs’ urine. They suggest that the 
species differences depend on variations in metabolism 
rather than on tissue susceptibility. J. N. Agate. 


Therapeutic Possibilities in ‘* Parathion’’ Poisoning. 
WILHELMI, G., and DomeNjoz, R. (1951). Arch. int. 
Pharmacodyn., 86, 312. 


The toxic potentialities of the insecticide ** parathion ” 
are reviewed. Those using it may complain of headache 
and lassitude. In severe poisoning, symptoms of exces- 
sive parasympathetic stimulation are seen, including 
sweat rash, lacrimation, salivation, nausea, vomiting, 
diarrhoea, intestinal colic, dyspnoea due to broncho- 
spasm, myosis, and paralysis of accommodation, with a 
fall in body temperature. Muscular tremors and con- 
vulsions may precede coma and cardiovascular collapse. 
At necropsy oedema of lungs and brain is seen, together 
with generalized capillary dilatation. 

The experiments reported in this paper were carried 
out on mice to test the effectiveness of various substances 
which might be expected to be therapeutically useful. 
These included eserine, *‘ artane (benzhexol), trasen- 
tin’’, phenobarbitone, morphine, phenytoin, tubo- 
curarine, *‘ diparcol”’ (diethazine), phenergan (pro- 
methazine), and sympathol. Of these only artane gave 
significant protection. Atropine and “ parpanit ’’ were 
more effective than any of the above drugs ; they were 
more effective against poisoning by intravenous than by 
oral parathion. Parpanit was most effective against 
intravenous parathion. Parpanit, 10 to 20 mg. per kg. 
injected intraperitoneally, reduced mortality due to 
intravenous parathion from 5 in 10 to 0 in 10. When the 
parathion was administered orally the antidotes were only 
effective if given repeatedly. 

The results emphasize the need for early treatment and 
indicate that the prevention of further absorption of 
parathion from skin, mucous membranes, or stomach is 
most important. Injection of atropine sulphate is 
recommended. Parpanit, with its wider activity (against 
the nicotine-like actions of acetylcholine as well), should 
also be given, especially if atropine is not well tolerated. 
At present it can be given only orally or rectally in the 
form of crushed tablets. 

(As potential antidotes, other “‘ ganglionic blocking 
agents ’’ which also possess atropine-like activity, such 
as ** banthine ’’, should be investigated.) 

Derek R. Wood. 
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Arsine : Electrocardiographic Changes Produced in Acute 
Human Poisoning. JosePHsON, C. J., Pinto, S. S., and 
PETRONELLA, S. J. (1951). Arch. industr. Hyg. occup. 
Med., 4, 43. 


Electrocardiograms were obtained in 10 of 13 cases of 
arsine poisoning, the clinical details of which were 
described previously (Arch. industr. Hyg. occup. Med., 
1950, 1,437). The first records were made 36 to 48 hours 
after exposure to arsine, and recordings were repeated 
at intervals for periods up to 18 months. In all cases 
except one high-peaked T waves occurred, particularly 
in the precordial leads near the sternum (CF,), becoming 
less at CF, and least marked at CF,. The T-wave 
elevation was present in the limb leads, though not to 
such a high degree. Maximum elevation occurred 
between 48 and 96 hours after exposure in 7 cases, while 
in the remainder it appeared after 5, 7, and 12 days 
respectively. In 8 out of 10 cases the maximum elevation 
of the T wave in CF, and CF, occurred on the same day. 
In 7 cases the S-T segment had an elevated take-off in 
the precordial leads, which was maximal at 36 to 48 
hours, and returned to normal in 96 hours, after exposure. 
In one man the records did not conform with the pattern 
common to the others, in that the T wave showed late 
inversion in all records. This change persisted for 18 
months, though the degree of inversion decreased. It 
is postulated that this was due to changes in the myo- 
cardium immediately beneath, or extending into, the 
pericardium. 

Hyperpotassaemia is discussed as a possible cause of 
the electrocardiographic changes. Potassium is released 
from the erythrocytes as a result of haemolysis, and 
although serum potassium determinations were not made, 
it is suggeste. that the occurrence of haemoglobinuria 
would be an indication of possible hyperpotassaemia. 
The results show that the typical electrocardiographic 
changes appear whether or not there was clinical haemo- 
globinuria. In addition to this argument, it is pointed 
out that no widening of the QRS complex or narrowing of 
the base of the T wave was seen, as would be expected 
in potassium intoxication. 

In the 4 cases that ended fatally death was due clinically 
to acute myocardial failure, while necropsy in 2 of these 
cases revealed extensive myocardial degenerative changes. 
These changes are considered to be due either to the direct 
action of arsine on the tissues or to the action of arsine 
metabolites derived from haemolyzing erythrocytes. 
In conclusion, it is suggested that these electrocardio- 
graphic changes are the most sensitive means of diag- 
nosing arsine poisoning yet discovered. 

W. K. S. Moore. 


Studies on the Mechanism of Acute Beryllium Poisoning. 
COCHRAN, K. W., Zerwic, M. M., and DuBois, K. P. 
(1951). J. Pharmacol., 102, 165. 


The intraperitoneal injection of beryllium chloride in 
rats and guinea-pigs, with subsequent observation for 
30 days, showed that, calculated as beryllium it has an 
LDSO of 0-56 mg. per kg. of body weight for rats and 


63 mg. per kg. for guinea-pigs. In view of this marked 
difference between these two species in susceptibility ot 
beryllium, tissues from both were used to ascertain 
whether a correlation between species susceptibility and 
phosphatase inhibition existed. The normal alkaline 
phosphatase activity of the various homogenized tissues 
was measured and the concentration of beryllium 
required to produce 50°, inhibition of hydrolysis of 8- 
glycerophosphate determined. The tissues examined 
were: serum, liver, duodenum, kidney, thyroid gland, 
adrenal cortex, and adrenal medulla. With the exception 
of the adrenal cortex and medulla, the tissues of the rat 
had a higher alkaline phosphatase activity than those of 
the guinea-pig and, with some exceptions, the enzyme 
was more sensitive to beryllium poisoning. 

To correlate these results with experiments in vivo, 
intraperitoneal injections of beryllium were given at 
various dose levels and the alkaline phosphatase activity 
of different tissues was estimated at various times after 
the injections. The activity of the enzyme in rat serum 
was markedly inhibited, and the inhibition persisted 
throughout the survival time after lethal doses, but was 
reversible after sublethal doses. The phosphatase 
activity of kidney and duodenum was also inhibited in 
vivo, while the activity of other tissues was not appreci- 
ably inhibited. Manganese, cobalt, nickel, zinc, yttrium, 
and lanthanum afforded some protection against the 
inhibition of phosphatase in vitro, but failed to afford any 
protection in experiments in vivo. The adenosine tri- 
phosphatase activity of tissues was inhibited by beryllium 
in vivo, but the activity of glucose-6-phosphatase and 
5-nucleotidase was unaffected. Phosphoglucomutase 
activity of liver and skeletal muscle was inhibited in vivo 
and in vitro, and this effect was antagonized by mag- 
nesium. The liver and kidney of beryllium-poisoned 
rats showed a decrease in content of phosphocreatine and 
adenosine triphosphate and a marked increase in 
inorganic phosphorus content. Glucose-|l-phosphaie 
content was increased and glucose-6-phosphate content 
decreased. P. A, Nasmyth, 


Clinical Experiences with Exposure to Ethylene Amines. 
DERNEHL, C. U. (1951). Jndustr. Med. Surg., 20, 541. 


The clinical details are given of 12 cases of dermatitis, 
5 of thermal burns, 1 of chronic headache, and 3 of 
asthma following exposure in a plant producing ethylene 
amines. The exact constitution of the manufactured 
ethylene amines was uncertain because the product con- 
sisted of a mixture of various homologues with the 
general formula NH,-R-NH-R-NH,. The dermatitis 
resulted from the splashes of liquid or from exposure 
to high concentrations of vapour. At first the lesions 
usually consisted of papulo-macular or vesicular erup- 
tions with erythema at the site of contact, but with 
recurrent exposures the rash took on a more chronic 
form with scaling, fissuring, and thickening of the skin. 
One man developed urticarial lesions after exposure to 
vapour. If the skin was washed well after being splashed 
lesions either did not appear or were less severe. A 
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number of the men who had had rashes were able to 
continue working in the plant without any recurrence of 
dermatitis provided they took proper precautions. 

Altogether 35 men operated the plant and so were 
exposed daily to the amines. Of the 12 who developed 
dermatitis, 6 did so during the first year of exposure. 
The incidence of cases in the plant was the same for each 
of the 4 years it had been in operation ; the majority of 
cases occurred during the hot months of the year, when 
only light clothing could be worn and gloves were 
discarded. 

All the thermal burns due to liquid amines healed 
without incident except in one case, that of a man who 
was burned twice and, when the second burn healed, 
developed dermatitis on the site. Of the 3 patients with 
asthma, | began having attacks on exposure to amines 
after an upper respiratory infection; the second de- 
veloped asthmatic attacks after handling acetic anhydride 
and this reaction later occurred when he was exposed to 
amines ; the third man developed asthma while he was 
exposed to ethylene aminesalone. All 3 lost their asthma 
when they were transferred to other work. 

It is suggested that the ethylene amines have an 
allergic effect in addition to the obvious irritant action 
due to their alkalinity. (No skin tests were carried out, 
however, and no information is given about the degree 
of atmospheric contamination. The fact that several 
susceptible men were able to continue working in the 
plant if simple precautions were observed does not sup- 
port the suggestion of allergic action by these amines.) 

W. K. S. Moore. 


Polymer-fume Fever. Harris, D. K. (1951). Lancet, 
2, 1008. 


Polymerization of tetrafluorethylene produces an inert 
plastic which is unusually thermostable. This polytetra- 
fluoroethylene (“teflon” or “fluon”) gives off an 
invisible toxic fume when heated above 300° C., when 
extruded hot, or when heated by friction with cutting 
tools. After a few hours’ latent period, exposed workers 
may experience an influenza-like illness, with retrosternal 
oppression, dry cough, and malaise, followed by fever up 
to 104° F. (40° C.), rigors, and sweating. There are 
sometimes transient signs in the chest. Spontaneous 
recovery takes place in about 2 days. 

Experiments on rats showed that exposure to fluon 
heated to between 140° and 325° C. produced respira- 
tory irritation and death from pulmonary oedema and 
haemorrhage, especially in experiments at over 300° C. 
An unidentified mineral acid was evolved, and also, at 
the latter temperature, a sublimate. Decomposition at 
600° to 700° C. produces C,F,, C3F,5, and C,Fs, but 
these are not toxic. 

The exact nature of the toxic substance in this case is 
not yet known: a parallel is drawn with metal-fume 
fever, but only very small quantities of metals were found 
in the polymer ash. Prevention is by local exhaust 
ventilation. Treatment is symptomatic, and oxygen is 
recommended. Some doubt exists whether symptoms 
can arise from inhaling cold polymer dust. 

Full details are given of 2 cases in men exposed to the 
fume, both of whom had had several attacks. 

J. N. Agate. 


THE APRIL (1952) ISSUE 


The April (1952) issue contains the following papers :— 
History of Lung Diseases of Coal Miners in Great Britain: Part Il, 1875-1920. By Andrew Meiklejohn. 


Pneumoconiosis of Coal Miners in North East England with Special Reference to the Durham Coalfield. By 


R. McCallum. 


The Mechanism of Dispersion of Coal Particles in the Lungs of Miners. By A. Policard. 
A Sampling Procedure for Measuring Industrial Dust Exposure. By P. D. Oldham and S. A. Roach. 


Dust Sampling and Lung Disease. By C. N. Davies. 


The Incidence of Bladder Tumours in a Dyestuffs Factory. By T. S. Scott. 
Urinary Coproporphyrins in Lead Poisoning. By J. E. Kench, R. E. Lane, and H. Varley. 
Studies on Cotton Dust in Relation to Byssinosis. Part I : Bacteria and Fungi in Cotton Dust. By G. Furness 


and H. B. Maitland. 


Cardiovascular Disease in Cotton Workers. Part II: A Clinical Study with Special Reference to Hyper- 
tension. By R. S. F. Schilling, N. Goodman, and J. G. O'Sullivan. 


A number of copies are still available and may be obtained from the Publishing Manager, British 
Medical Association, Tavistock Square, W.C.1, price 12s. 6d. 
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S. 31 
.-- ANOTHER UNUSUAL USE FOR ‘Sleek’ 


plastic zinc oxide adhesive strapping 


Gleaming, beautiful pieces of stained glass 
can cut and scratch the nimblest of 
fingers, and the artist-craftsman, no less 
than the glazier, has need of protection. 
Finger-tips covered with ‘Sleek’ are no 
less deft, and how confidently the work 
proceeds in skilled hands so surely 
protected. 


emphasise 


Yes, ‘ Sleek’ does get put to some intriguing uses. 
These unusual jobs lend dramatic emphasis to the 
unique qualities which make ‘ Sleek ’ of outstanding 
value for everyday use in hospital and surgery 
practice. Above all, because the plastic base 
material is impervious to liquids, it is waterproof. 
* Sleek’ is washable, yet does not soil easily. It is 
smoota and thin yet very strong. It is extensible 
and pliable. It does not ‘ catch’ or fray. 


8 valuable qualities 


WATERPROOF - GREASEPROOF - WASHABLE - SMOOTH 
THIN - STRONG . PLIABLE - NON-FRAYING 


/ zinc oxide adhesive strapping 


TRACE MARK 


In 24 yd. rolls, 1” wide. In 5 yd. rolls, 1”, 2”, 3” and 4” wide. FREE SAMPLE sent on request. 
Also 


©HANDYPLAST ®? elastic wound dressing. With an AIR-STRIP to promote quicker healing. 
Strips, 14” and 24” wide and packs of assorted dressings. 


LEUKOPLAST zinc oxide adhesive pilaster. Laboratory controlled to ensure constant and 
uniform quality of the cotton cloth and adhesive strength. In 5 yd. and 10 yd. rolls, §”, 1”, 2” and 3” wide. 


HERTS PHARMACEUTICALS LTD., WELWYN GARDEN CITY, ENGLAND 
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a Industrial dermatitis can be avoided—safely, simply —if the 
4 worker uses Rozalex. It is effective against almost every known 
industrial irritant, and has been used in many factories for 
over 20 years. Quick and easy to use, Rozalex is accepted as 
the standard barrier preparation for industry. Thereisa 
type for every trade. May we send you free sample tins 
and a copy of ‘‘Skin Protection in Industry’? 


BARRIER PREPARATIONS 


ROZALEX LIMITED, 10 NORFOLK STREET, MANCHESTER 2 
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3 
DRUGS DRESSINGS INSTRUMENTS FURNITURE 
We invite Works Medical Officers to ask for 


one or more copies of the most comprehensive 
catalogue dealing solely with industrial medicine. 


Everything from a First Aid Case to a 
Complete Surgery. 


aX 


REYNOLDS & BRANSON LTD. LEEDS, 6 


(Est. 1816) 


TELEGRAMS REYNOLDS LEEDS TELEPHONE 2935! (4 LINES) 
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RESPI RATORS for work in Poisonous, Noxious, and Irritant Fumes 


DUST MASKS, ACIDPROOF AND WATERPROOF CLOTHING SAFETY GOGGLES, etc. 


SELF-CONTAINED 


OXYGEN BREATHING APPARATUS 


for work in irrespirable atmospheres AND COMPRESSED AIR TYPES 


RESUSCITATION APPARATUS 


For reviving persons asphyxiated by poison gas or shoc, Drinker Respirators (Iron Lung), 
OXYGEN TENTS, NASAL MASKS, GAS ANALYSIS APPARATUS, etc. 


SIEBE.GORMAN & CO.L 
EVERYTHING FOR EVERYWHERE 


TOLWORTH, SURBITON, SURREY 


Physiotherapy... 


is playing an increasingly important part in the welfare departments of industrial 
concerns. If you are thinking of enlarging your present department or of inaugurating a 
new one, do not hesitate to contact us—we have been equipping the country’s leading 
hospitals for the past 25 years. At your request, our latest illustrated catalogue will be 


forwarded by return of post. 


GUPPLIES 


(GREENHAM) LTD. 


209b GREAT PORTLAND STREET 


Opposite Met. Railway Station LONDON, W.1 Telegrams : Galfarad Wesdo London 
Telephone : LANgham 5433-4 Cableerams : Galfarad London 


MANUFACTURERS OF ELECTRO-MEDICAL AND ALLIED APPARATUS 
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Introducing a new 


SAFEGUARD 


against the dangers of 


MERCURY 
POISONING 


Recent investigations by a Medical Research 
Council Team (see Lancet,” November 10, 
1951) disclosed that in nine out of ten work- 
shops investigated, mercury vapour contami- 
nated the air above the toxic concentration of 
100 micrograms per cu. metre. Several cases 
of chronic mercury poisoning were traced to 
these shops. 


This hazard of mercurialism must be antici- 
pated in many trades (fur “ carrotting ”’, felt 
hats, thermometers, many electrical processes, 
etc.). The odourless vapour, and the insidious 
symptoms, combine to make this a very elusive 
danger. It can be controlled only by keeping 
constant observation of atmospheric Hg. 
vapour concentrations. 


The Hanovia Mercury Vapour Detector 
gives instantaneous and accurate readings, 
continuously or intermittently as required. 
It measures Hg. concentrations by photocell- 
absorption of ultra-violet radiation. The 
instrument is sensitive from 10 to 1,000 micro- 
grams of Hg. per cu. metre. It is quite 
portable and can be used in any department, 
or operated at a central control with air 
piped from the workrooms. 


We shall be glad to send particulars on 
request. 


HANOVIA LTD. 


Specialists in equipment for ultra-violet 
radiation for all therapeutic, technical and 
bactericidal applications. 


SLOUGH, BUCKS 


LONDON SHOWROOMS: 3, Victoria Street, S.W.1. 


Agents and Associates throughout the civilised 
world. T48 22 


provides safety 
against industrial 
skin diseases 


Saroul Hand Cleanser has a long 
record of valuable service in the 
control and relief of industrial skin 
infections. It is antiseptic, emollient, 
beneficial to the skin — and 
THOROUGH ! The most ingrained 
grease, pitch, oil, etc., yields im- 
mediately to an application. 


Full information, ple, composition, etc., 
on request. 
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Introducing a new 
SAFEGUARD 
against the dangers of 
MERCURY 
POISONING 


Recent investigations by a Medical Research 
Council * Lancet,” November 10, 
1951) disclosed that in nine out of ten work- 
shops investigated, mercury vapour contami- 


Team (see 


nated the air above the toxic concentration of 
100 micrograms per cu. metre. Several cases 
of chronic mercury poisoning were traced to 


these shops. 


This hazard of mercurialism must be antici- 
pated in many trades (fur “ carrotting ”, felt 
hats, thermometers, many electrical processes, 
The odourless vapour, and the insidious 
symptoms, combine to make this a very elusive 


danger. It can be controlled only by keeping 


constant observation of atmospheric Hg. 
vapour concentrations. 

The Hanovia Mercury Vapour Detector 
gives instantaneous and accurate readings, 
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Lectures delivered at the University by &. M. Newbold 
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Zopla 
product for surgical use. Very 
strong cloths, the mass is 
powerfully adhesive. 
and Flesh Cloths, also 
on 


‘Acetocid’? Eye Cream contains 10% Sulphacetamide Sodium 
B.P. in a stable, fluid base. The fluidity of the cream permits 
instillation into the eye of a drop without contamination of 
the cream in the tube. At body temperature, the cream liquefies 
immediately, spreading a soothing bacteriostatic film over the 
conjunctiva. ‘Acetocid ’ Eye Cream has been specially produced 

for use by industrial medical officers and general practitioners 

in the treatment of eye injuries and infection. 


*‘ACETOCID’ EYE CREAM 


at in sealed tubes of 4 Gm. (60 grains) in containers 
of 1 and 36 tubes, 


wk 


Samples gladiy sent on request. 
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